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T e c h n i c a l   F i e l d  

T h i s   i n v e n t i o n   i s   d i r e c t e d   to  o p h t h a l m i c   d e v i c e s ,  

such   as  c o n t a c t   l e n s e s ,   and  p o l y m e r s   and  c o m p o s i t i o n s   u s e -  

f u l   in  such   d e v i c e s .   More  p a r t i c u l a r l y   i t   is   d i r e c t e d   t o  

o p h t h a l m i c   d e v i c e s   made  from  t e l e c h e l i c   p e r f l u o r o p o l y e t h e r  

m o n o m e r s ,   c e r t a i n   p o l y m e r s   made  from  t e l e c h e l i c   p e r f l u o r o -  

e t h e r   m o n o m e r s ,   and  c o m p o s i t i o n s   c o n t a i n i n g   t e l e c h e l i c  

p e r f l u o r o p o l y e t h e r   m o n o m e r s .  

As  i t   i s   u sed   h e r e i n ,   t h e   t e r m   " t e l e c h e l i c   p e r -  

f l u o r o p o l y e t h e r   monomer"   m o a n s  a   m a t e r i a l   c o n t a i n i n g  

p e r f l u o r o o x y a l k y l e n e   u n i t s   in  i t s   b a c k b o n e   and  h a v i n g  

r e a c t i v e   g r o u p s ,   mos t   commonly   end  g r o u p s ,   d e l i b e r a t e l y  

i n t r o d u c e d   o n t o   t he   b a c k b o n e .  

B a c k g r o u n d   A r t  

The  use  of  c o n t a c t   l e n s e s   fo r   t he   c o r r e c t i o n   o f  

v i s i o n   d i f f i c u l t i e s   i s   known.   H o w e v e r ,   s u c h   d e v i c e s   h a v e  

no t   been   a c c e p t e d   by  many  p e o p l e ,   in  p a r t   b e c a u s e   of  t h e  

t i m e   o f t e n   r e q u i r e d   by  t h e   eye  to  become  a c c u s t o m e d   t o  

t h e i r   u s e ,   t he   p h y s i o l o g i c a l   i n t o l e r a n c e   t h a t   s o m e t i m e s  

d e v e l o p s   o f t e n   a f t e r   o n l y   s h o r t   p e r i o d s   of  u s e ,   or  t h e  

i n a d e q u a t e   v i s u a l   a c u i t y   wh ich   may  be  p r o v i d e d   by  t h e m .  

C o n s e q u e n t l y ,   a  g r e a t   a m o u n t   of  e f f o r t   h a s - b e e n   e x p e n d e d   i n  

a t t e m p t s   to  s o l v e   t h e s e   p r o b l e m s   f o r   t h e  c o n t a c t   l e n s  

w e a r e r .  

T h e s e   e f f o r t s   have  i n c l u d e d   m o d i f i c a t i o n   in  b o t h  

the   d e s i g n   of  the   l e n s   and  the   c o m p o s i t i o n   of  t h e   l e n s  

m a t e r i a l .   M o d i f i c a t i o n s   in  l e n s   d e s i g n   so  as  to  i m p r o v e  

the   f i t   of  the   l e n s   to  t he   eye  has  p r o d u c e d   o n l y   m a r g i n a l  

r e d u c t i o n   of  the   p h y s i o l o g i c a l   i n t o l e r a n c e .   M o d i f i c a t i o n  



of  t h e   c o m p o s i t i o n   of  t h e   l e n s   m a t e r i a l   has   a l s o   o n l y   b e e n  

p a r t i a l l y   s u c c e s s f u l .  

E a r l y   c o n t a c t   l e n s e s   w e r e   made  f rom  p o l y m e t h y l  

m e t h a c r y l a t e   (PMMA),  a  h a r d   m a t e r i a l   t h a t   i s   n o t   w a t e r -  

a b s o r p t i v e .   PMMA  l e n s e s   f r e q u e n t l y   c a u s e   a  g r e a t   d e a l   o f  

p h y s i c a l   d i s c o m f o r t   to  t h e   w e a r e r .   L e n s e s   of  PMMA, 

a l t h o u g h   t h e y   a r e   r e a d i l y   m a c h i n a b l e   and  have   e x c e l l e n t  

o p t i c a l   c l a r i t y   and  d u r a b i l i t y ,   h a v e   a  h i g h   l e v e l   o f  

p h y s i o l o g i c a l   i n t o l e r a n c e   f o r   many  i n d i v i d u a l s   p a r t l y  

b e c a u s e   of  t h e   s t i f f n e s s   of  t h e   l e n s   and  p a r t l y   b e c a u s e   t h e  

eye  b e c o m e s   d e p r i v e d   of  o x y g e n   due  to  t h e   low  o x y g e n  

p e r m e a b i l i t y   of  t h e   PMMA. 

L e n s e s   of  s o f t   w a t e r - a b s o r p t i v e   h y d r o g e l  

m a t e r i a l s ,   s u c h   as  p o l y ( 2 - h y d r o x y e t h y l m e t h a c r y l a t e )   o r  

p o l y ( v i n y l p y r r o l i d o n e ) ,   p r o d u c e   r e d u c t i o n   of  i r r i t a t i o n   b u t  

a t   t h e   c o s t   of  r e d u c e d   v i s u a l   a c u i t y   and  g r e a t l y   i n c r e a s e d  

m a i n t e n a n c e   of  t h e   l e n s e s .   When  s u c h   h y d r o g e l   l e n s e s  

c o n t a i n   a  h i g h   w a t e r   c o n t e n t   t h e y   h a v e   a  h i g h   o x y g e n  

p e r m e a b i l i t y   and  a r e ,   t h e r e f o r e ,   c o m f o r t a b l e   to  w e a r .   T h e  

h i g h   w a t e r   c o n t e n t   h y d r o g e l   l e n s e s ,   h o w e v e r ,   h a v e   p o o r  

d u r a b i l i t y   and  e x h i b i t   a  t e n d e n c y   to  become  c l o u d y   due  t o  

a b s o r p t i o n   of  p r o t e i n a c e o u s   m a t e r i a l .  

L e n s e s   of  s i l i c o n e   r u b b e r   a r e   e a s i l y   m o l d e d ,   a r e  

s a i d   to  p o s s e s s   a  s o f t n e s s   s i m i l a r   to  t h a t   of  t h e   u p p e r   l i d  

of  t h e   human  eye  and  have   a  h i g h   p e r m e a b i l i t y   to  o x y g e n .  

H o w e v e r ,   c o n t a c t   l e n s e s   of  s i l i c o n e   r u b b e r   may  c a u s e   a  

b u r n i n g   s e n s a t i o n   in  t h e   eye  b e c a u s e   of  t he   low  t h e r m a l  

c o n d u c t i v i t y   of  s i l i c o n e   r u b b e r .   A l s o ,   s u c h   l e n s e s   h a v e  

b e e n   r e p o r t e d   to  s o m e t i m e s   t i g h t e n   o v e r   t h e   c o r n e a   in  a  
" s u c t i o n   cup"  f a s h i o n   t h a t   i m p e d e s   m o v e m e n t   of  t h e   l e n s .  

T h i s   p e r m i t s   e n t r a p m e n t   of  t o x i c   p r o d u c t s   and  d e b r i s   u n d e r  

t h e   l e n s e s   and  p r e v e n t s   t e a r s   f rom  w a s h i n g   away  t h i s   d e b r i s  

and  l u b r i c a t i n g   t h e   e y e s ,   t h e r e b y   c a u s i n g   a b r a s i o n   of  t h e  

e y e .   F u r t h e r m o r e ,   s i l i c o n e   r u b b e r ,   b e i n g   l i p o p h i l i c ,  

m u c o p h i l i c ,   and  i n h e r e n t l y   n o n - w e t t a b l e ,   a t t r a c t s   d e b r i s ,  

e . g . ,   p r o t e i n s ,   l i p i d s ,   m u c o i d s ,   and  t h e   l i k e .  



I t   is   an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e  

c o n t a c t   l e n s e s   w h i c h   do  n o t   have   t h e   d i s a d v a n t a g e s   of  t h e  

p o l y m e t h y l   m e t h a c r y l a t e ,   s i l i c o n e   r u b b e r ,   and  h y d r o g e l  

c o n t a c t   l e n s e s .  

D i s c l o s u r e   Of  The  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   o v e r c o m e s   t h e s e   and  o t h e r  

d i s a d v a n t a g e s .   I t   p r o v i d e s   c o n t a c t   l e n s e s ,   c o m p o s i t i o n s ,  

and  p o l y m e r s   f o r   m a k i n g   s u c h   l e n s e s .  

The  c o n t a c t   l e n s e s   of  t h e   i n v e n t i o n   a r e   m e c h a n i c -  

a l l y   s t r o n g   y e t   f l e x i b l e ,   a r e   r e s i s t a n t   to  a b s o r p t i o n   o f  

t e a r   c o m p o n e n t s ,   and  a r e   h i g h l y   p e r m e a b l e   to  o x y g e n .   M o r e -  

o v e r ,   t h e y   p o s s e s s   t h e s e   p r o p e r t i e s   d e s p i t e   c o n t a i n i n g   n o  

more  t h a n   an  i n s i g n i f i c a n t   a m o u n t   of  w a t e r ,   e . g .   l e s s   t h a n  

10%  by  w e i g h t .   They  c o m p r i s e   p o l y m e r s   of  c o m p o s i t i o n s  

c o n t a i n i n g   up  to  100  p e r c e n t   of  t e l e c h e l i c   p e r f l u o r o p o l y -  

e t h e r   monomer   w h i c h   h a s   a  b a c k b o n e   of  p e r f l u o r o o x y a l k y l e n e  

u n i t s ,   a  number   a v e r a g e   m o l e c u l a r   w e i g h t   b e t w e e n   a b o u t   5 0 0  

and  1 5 , 0 0 0 ,   and  a t   l e a s t   one  g r o u p   t h a t   can   e i t h e r   be  p o l y -  

m e r i z e d   to  form  a  p o l y m e r   or   r e a c t e d   w i t h   a  c o r e a c t a n t   t o  

fo rm  a  p o l y m e r .  

P r e f e r a b l y ,   t h e   o p h t h a l m i c   d e v i c e s   of  t h e   i n v e n -  

t i o n   c o m p r i s e   o p t i c a l l y   c l e a r   c o p o l y m e r s   of  c o m p o s i t i o n s  

c o n t a i n i n g   s a i d   t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   monomer   and  2 

to  50%  by  w e i g h t   of  c o p o l y m e r i z a b l e   c o m o n o m e r .  

Most   p r e f e r a b l y ,   o p h t h a l m i c   d e v i c e s   of  t h e  

i n v e n t i o n   h a v e   a  w e t t a b l e   s u r f a c e   and  c o m p r i s e   c o p o l y m e r s  

of  t h e   c o m p o s i t i o n   of  t h e   i n v e n t i o n   w h i c h   c o m p r i s e s :  

a)  50  to   88%  by  w e i g h t   of  s a i d   t e l e c h e l i c  

p e r f l u o r o p o l y e t h e r   monomer   h a v i n g   a t   l e a s t  

one  g r o u p   t h a t   can  e i t h e r   be  p o l y m e r i z e d   t o  

form  a  p o l y m e r   or  r e a c t e d   w i t h   a  c o r e a c t a n t  

to  form  a  p o l y m e r  

b)  10  to  48%  by  w e i g h t   of  a  f i r s t   c o p o l y m e r i z -  

a b l e   c o m o n o m e r   or  f i r s t   c o r e a c t a n t  

c)  2  to  10%  by  w e i g h t   of  a  s e c o n d   c o p o l y m e r i z -  

a b l e   c o m o n o m e r   h a v i n g   a  h y d r o p h i l i c   g r o u p .  



The  p o l y m e r   of  t h e   i n v e n t i o n   c o m p r i s e s   t h e  

p r o d u c t   o b t a i n e d   by  t h e   p o l y m e r i z a t i o n   of  t h e   f o r e g o i n g  

c o m p o s i t i o n s .  

D e t a i l e d   D e s c r i p t i o n  

The  o p h t h a l m i c   d e v i c e s   of  t h e   p r e s e n t   i n v e n t i o n  

p r e f e r a b l y   e x h i b i t   an  o x y g e n   p e r m e a b i l i t y   of  a t   l e a s t   10  

B a r r e r s   when  m e a s u r e d   in   a c c o r d a n c e   w i t h   t h e   p o l a r o g r a p h i c  

o x y g e n   e l e c t r o d e   m e t h o d   d e s c r i b e d   by  M.  F.  R e f o j o   e t   a l ,  

" P e r m e a b i l i t y   of  D i s s o l v e d   O x y g e n   T h r o u g h   C o n t a c t   L e n s e s  -  

1.  C e l l u l o s e   A c e t a t e   B u t y r a t e " ,   C o n t .   I n t r a o c u l a r   Lens   M e d .  

J .   3 ( 4 ) ,   27  ( 1 9 7 7 ) .   More  p r e f e r a b l y   t h e   d e v i c e s   of  t h e  

i n v e n t i o n   e x h i b i t   an  o x y g e n   p e r m e a b i l i t y   of  a t   l e a s t   20  

B a r r e r s ,   and  m o s t   p r e f e r a b l y   an  o x y g e n   p e r m e a b i l i t y   of  a t  

l e a s t   40  B a r r e r s .  

The  d e v i c e s   of  t h e   i n v e n t i o n   p r e f e r a b l y   c o m p r i s e  

p o l y m e r s   of  a  t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   monomer  t h a t  

h a s   a  b a c k b o n e   h a v i n g   a  n u m b e r   a v e r a g e   m o l e c u l a r   w e i g h t  

b e t w e e n   a b o u t   500  and  1 5 , 0 0 0   o r   h i g h e r   and  has   t h e   f o r m u l a  

w h e r e i n   p  r e p r e s e n t s   t h e   n u m b e r   of  - C k F 2 k O -   r a n d o m l y  

d i s t r i b u t e d ,   r e p e a t i n g   s u b u n i t s   in  s a i d   b a c k b o n e   and  i s   a n  

i n t e g e r   of  f rom  3  to  2 0 0 ;   q  i s   an  i n t e g e r   of  f rom  1  to  4 ;  

and  k  may  be  t h e   same  or   d i f f e r e n t   w i t h i n   e a c h   of  s a i d  

- C k F 2 k O -   s u b u n i t s   and  i s   an  i n t e g e r   of  f rom  1  to  4 .  

P r e f e r a b l y   t h e   b a c k b o n e   i s   r e p r e s e n t e d   by  t h e  

f o r m u l a  

w h e r e i n   m  and  n  a r e   n u m b e r s   p r o v i d i n g   a  number   a v e r a g e  

m o l e c u l a r   w e i g h t   of  500  to   1 5 , 0 0 0   to  t h e   b a c k b o n e   a n d  

i n d e p e n d e n t l y   have   a  v a l u e   of  f rom  1  to  120 .   A d d i t i o n a l l y ,  

t h e   sum  of  m  and  n  i s   f rom  7  to  120  and  t h e   r a t i o   of  m/n  i s  

f rom  0 . 2 / 1   to  5 / 1 .  



The  p r e f e r r e d   t e l e c h e l i c   p e r f l u o r o p o l y e t h e r  

monomer   has   t he   f o r m u l a  

w h e r e i n   Q  i s   e i t h e r   a  g r o u p   t h a t   can  be  p o l y m e r i z e d   or   a  

g r o u p   t h a t   can   be  r e a c t e d   w i t h   a  c o r e a c t a n t   to  form  a  

p o l y m e r ;  

W  is   a  c o n n e c t i n g   g r o u p ;   a n d  

Z  i s   -WQ  or   f l u o r i n e .  

I f   Q  i s   a  p o l y m e r i z a b l e   g r o u p ,   i t   i s   p r e f e r r e d  

t h a t   t h e   monomer   h a v e   a  p o l y m e r i z a b l e   g r o u p   f u n c t i o n a l i t y  

in  t h e   r a n g e   1 .5   to  2.  I f   Q  i s   a  r e a c t i v e   g r o u p ,   i t   i s  

p r e f e r r e d   t h a t   t h e   m o n o m e r   h a v e   a  r e a c t i v e   g r o u p   f u n c -  

t i o n a l i t y   of  2 .  

The  m o n o m e r s   of  F o r m u l a   I ,   t o g e t h e r   w i t h   p o l y m e r s  

p r e p a r e d   t h e r e f r o m   a r e   d i s c l o s e d   in  U . S .   3 , 5 0 5 , 2 2 9 ,   U . S .  

3 , 6 9 9 , 1 4 5 ,   U.S.   3 , 7 6 6 , 2 5 1 ,   U.S .   3 , 8 1 0 , 8 7 4 ,   U .S .   3 , 8 1 0 , 8 7 5 ,  

U . S .   3 , 8 1 4 , 7 4 1 ,   U .S .   3 , 8 8 2 , 1 9 3 ,   and  U . S .   4 , 3 2 1 , 4 0 4   w h i c h  

p a t e n t s   a r e   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   T h e s e  

m a t e r i a l s   a r e   c h a r a c t e r i z e d   by  p o s s e s s i n g   p e r f l u o r o o x y -  

a l k y l e n e   u n i t s   in  t h e i r   b a c k b o n e .  

I n c l u d e d   among  r e a c t i v e  Q   g r o u p s   u s e f u l   i n  

F o r m u l a   I I   i n c l u d e  

-NCO,  -COOH,  -OH,  - N R 2 ,  

-SR,   - S i R g R ' ,   -CN,  - O S 0 2 C F 3 ,   -OCOC1,  -OCN,  - N ( R ) C N ,   - I ,  

-CHO,  - C H ( O R ) 2 ,   - S 0 2 C l ,   - C ( O R ) = N H ,   -C(NH2)=NH  and  t h e   l i k e  

w h e r e i n   R  i s   s e l e c t e d   f rom  h y d r o g e n ,   l o w e r   a l k y l   ( i . e . ,  

C l - C 4 )   and  a r y l ;   R1  i s   s e l e c t e d   from  h a l o g e n ,   -OR,  a n d  

and  -CH=CH2,  and  "g"  i s   0,  1,  2,  or  3 .  

W  is   a  d i v a l e n t   l i n k i n g   m o i e t y   w h i c h   may  be  a  

c o v a l e n t   b o n d .   E x a m p l e s   of  o t h e r   u s e f u l   W  m o i e t i e s   i n c l u d e  



- C H 2 0 C H 2 -   w h e r e i n   "a"  i s  a n   i n t e g e r   of  f rom  1  to   12 ,   R2  i s  

s e l e c t e d   fo rm  a  d i v a l e n t   a l i p h a t i c   g r o u p   h a v i n g   f rom  2  t o  

14  c a r b o n   a t o m s ,   a  d i v a l e n t   5-   o r   6 - m e m b e r e d   c y c l i c   g r o u p  

h a v i n g   f rom  5  to  14  c a r b o n   a t o m s ,   and  an  a r y l e n e   g r o u p  

h a v i n g   f rom  6  to   14  c a r b o n   a t o m s .   In  t h e   i n t e r e s t   o f  

b r e v i t y ,   f u r t h e r   d e s c r i p t i o n   of  t h e   p r e f e r r e d   m o n o m e r s   w i l l  

be  o m i t t e d   as  a  more   c o m p l e t e   d i s c u s s i o n   of  t h e   r e a c t i v e  

g r o u p s ,   t h e   c o r e a c t i n g   g r o u p s   and  t h e   p r e p a r a t i o n   of  t h e  

m o n o m e r s   i s   g i v e n   in   t h e   r e f e r e n c e s   i n c o r p o r a t e d   b y  

r e f e r e n c e .  

A  m o r e   p r e f e r r e d   t e l e c h e l i c   p e r f l u o r o p o l y e t h e r  

monomer   has   t h e   f o r m u l a  

w h e r e i n  

Q1  is   a  r e a c t i v e   g r o u p   s e l e c t e d   f r a n   t he   g r o u p  

c o n s i s t i n g   o f  -NCO,  -COOH,  -OH,  a n d  

w h e r e i n   R4  i s   h y d r o g e n   or   m e t h y l ,   and  Z,  W,  k,  q,  and  p  a r e  

t h e   same  as  d e f i n e d   a b o v e .  

A  p r e f e r r e d   s u b c l a s s   of  F o r m u l a   I I I   m o n o m e r s  

e m p l o y s   e t h y l e n i c a l l y   u n s a t u r a t e d   Q  g r o u p s   and  may  b e  

r e p r e s e n t e d   by  t h e   f o r m u l a  

w h e r e i n  

Q2  i s   s e l e c t e d   f r o m  



X  i s   s e l e c t e d   f r o m  

(E)  a  c o v a l e n t   b o n d  

Y  i s   s e l e c t e d   f r o m  

w h e r e i n   R5  i s   a  l o w e r   a l k y l   g r o u p   h a v i n g   1  to  4  c a r b o n  

a t o m s ,   R4  and  "a"  a r e   as  d e f i n e d   a b o v e ,   and  "b"  i s   a n  

i n t e g e r   of  f rom  1  to  12;   p r o v i d e d   t h a t   w h e n  

1 )  Q   i s   (A)  o r   ( B ) ,   t h e n   X  i s   s e l e c t e d   f r o m  ( E ) ,  

( F ) ,   or   (G)  and  Y  i s   s e l e c t e d   f rom  ( J ) ,   ( K ) ,   or   ( L ) ;  

2)  Q  i s   (C)  t h e n   e i t h e r  

( i )   X  i s   (E)  and  Y  is   (M),  o r  

( i i )   X  i s   s e l e c t e d   from  ( E ) ,   ( F ) ,   ( G ) ,   (H) ,   o r  

( I )   and  Y  is   s e l e c t e d   f rom  ( J ) ,   (K) ,   o r  

(L ) ;   a n d  



3)  Q  i s   (D)  t h e n   e i t h e r  

( i )   X  i s   (E)  and   Y  i s   (M),  o r  

( i i )   X  i s   s e l e c t e d   f rom  (H)  and  ( I )   and  Y  i s  

s e l e c t e d   f rom  ( J ) ,   (K) ,   or   ( L ) ;   a n d  
Z1  i s   s e l e c t e d   f rom  - O C k F 2 k + 1 ,   and  Q 2 - X - Y -   w h e r e i n   Q2,  X,  Y 

and  k  a r e   as  d e f i n e d   a b o v e .  

W i t h i n   t h e   f o r e g o i n g   d e s c r i p t i o n ,   t h e   f o l l o w i n g  

r e p r e s e n t s   a  p a r t i c u l a r l y   p r e f e r r e d   s u b c l a s s   of  F o r m u l a   I V  

m o n o m e r s :  

w h e r e i n   m  and  n  a r e   as  d e f i n e d   in   F o r m u l a   I A .  

S p e c i f i c   e x a m p l e s   of  t e l e c h e l i c   p e r f l u o r o p o l y -  

e t h e r s   of  F o r m u l a   V  a r e  

a n d  

A  n u m b e r   of  o t h e r   t e l e c h e l i c   p e r f l u o r o p o l y e t h e r s   o f  

F o r m u l a   IV  a r e   u s e f u l   in  p r e p a r i n g   t h e   d e v i c e s   of  t h e  

i n v e n t i o n .   S p e c i f i c   e x a m p l e s   of  t h e s e   m a t e r i a l s   i n c l u d e  







In  a d d i t i o n   to  t he   e t h y l e n i c a l l y   u n s a t u r a t e d  t e l e -  

c h e l i c   p e r f l u o r o p o l y e t h e r   m o n o m e r s ,   o t h e r   m o n o m e r s   o f  

F o r m u l a   I I I   a r e   u s e f u l   in   t h e   p r e s e n t   i n v e n t i o n .   S p e c i f i c  

e x a m p l e s   of  t h e s e   m o n o m e r s   i n c l u d e  



S t i l l   o t h e r   e x a m p l e s   of  u s e f u l   t e l e c h e l i c   p e r -  

f l u o r o p o l y e t h e r   m o n o m e r s   of  F o r m u l a   I I I   i n c l u d e   r e a c t i o n  

p r o d u c t   of  a  monomer   c o n t a i n i n g   e p o x i d e   f u n c t i o n a l i t y  

( e . g . ,   c o m p o u n d s   XXIV  t h r o u g h   XXVI)  or   an  i s o c y a n a t e  

f u n c t i o n a l i t y   ( e . g . ,   c o m p o u n d s   XXVII  and  X X V I I I )   w i t h -  



The  e t h y l e n i c a l l y   u n s a t u r a t e d   t e l e c h e l i c   p e r -  
f l u o r o p o l y e t h e r   m o n o m e r s   ( i . e . ,   t h o s e   of  F o r m u l a e   IV  and  V) 

u t i l i z e d   to  make  t h e   d e v i c e s   of  t h e   p r e s e n t   i n v e n t i o n   a r e  

p r e f e r a b l y   c o m b i n e d ,   p r i o r   to  p o l y m e r i z a t i o n ,   w i t h   a  

c o m p a t i b l e ,   c o p o l y m e r i z a b l e   c o m o n o m e r .   The  a m o u n t   o f  

c o m o n o m e r   e m p l o y e d   p e r f e r a b l y   c o m p r i s e s   a t   l e a s t   2  w e i g h t  

p e r c e n t ,   and  more   p r e f e r a b l y   f rom  a b o u t   2  to   50  w e i g h t  

p e r c e n t ,   of  t h e   c o m b i n e d   w e i g h t   of  t h e   t e l e c h e l i c   p e r f l u o r o -  

p o l y e t h e r   m o n o m e r   and  t h e   c o m o n o m e r .   Most   p r e f e r a b l y   t h e  

c o m o n o m e r   c o m p r i s e s   f rom  a b o u t   10  to  40  w e i g h t   p e r c e n t   o f  

t h e   c o m b i n e d   w e i g h t   of  t h e   t e l e c h e l i c   p e r f l u o r o p o l y e t h e r  

monomer   and  t h e   c o m o n o m e r .  

A  v a r i e t y   of  such   c o m o n o m e r s   a r e   u s e f u l   f o r   t h i s  

c o p o l y m e r i z a t i o n   and  a r e   c h a r a c t e r i z e d   by  h a v i n g   p o l y -  

m e r i z a b l e   e t h y l e n i c a l l y - u n s a t u r a t e d   g r o u p s .   R e p r e s e n t a t i v e  

e x a m p l e s   i n c l u d e   m e t h y l   and  e t h y l   a c r y l a t e ,   m e t h y l   a n d  

e t h y l   m e t h a c r y l a t e ,   c y c l o h e x y l   m e t h a c r y l a t e ,   m e t h y l  

2 - c h l o r o a c r y l a t e ,   2 - e t h o x y e t h y l   m e t h a c r y l a t e ,   2 , 2 , 2 - t r i -  

f l u o r o e t h y l   a c r y l a t e   and  m e t h a c r y l a t e ,   2 - c y a n o e t h y l  

m e t h a c r y l a t e ,   2 - ( N - m e t h y l c a r b a m o y l o x y ) e t h y l   a c r y l a t e   a n d  

m e t h a c r y l a t e ,   a c r y l i c   a c i d ,   m e t h a c r y l i c   a c i d ,   v i n y l i d e n e  



c h l o r i d e ,   v i n y l i d e n e   f l u o r i d e ,   m e t h a c r y l o y l o x y p r o p y l -  

t r i s ( t r i m e t h y l s i l y l ) s i l o x a n e ,   and  m e t h a c r y l o y l o x y m e t h y l -  

p e n t a m e t h y l d i s i l o x a n e ,   and  m i x t u r e s   of  two  o r   more   of  t h e s e  

m a t e r i a l s .   P a r t i c u l a r l y   p r e f e r r e d   c o m o n o m e r s   i n c l u d e  

m e t h y l   m e t h a c r y l a t e ,   e t h y l   m e t h a c r y l a t e ,   and  c y c l o h e x y l  

m e t h a c r y l a t e .  

A  v a r i e t y   of  o t h e r   i n g r e d i e n t s   may  be  i n c l u d e d   i n  

t h e   p o l y m e r i z a t i o n   m i x t u r e   so  as  to  e i t h e r   e n h a n c e   o r  

p r o v i d e   s p e c i f i c   p r o p e r t i e s .   For   e x a m p l e ,   t h e   d i m e n s i o n a l  

s t a b i l i t y   of  t h e   d e v i c e s   of  t h e   i n v e n t i o n   may  be  e n h a n c e d  

by  i n c l u d i n g   f rom  a b o u t   0 .5   to  25  p a r t s   by  w e i g h t   of  a  

p o l y f u n c t i o n a l   monomer   p e r   100  p a r t s   by  w e i g h t   of  p o l y -  

m e r i z a t i o n   m i x t u r e .   R e p r e s e n t a t i v e   e x a m p l e s   of  u s e f u l  

p o l y f u n c t i o n a l   m o n o m e r s   i n c l u d e   e t h y l e n e g l y c o l   d i a c r y l a t e ,  

e t h y l e n e g l y c o l   d i m e t h a c r y l a t e ,   d i e t h y l e n e g l y c o l   d i m e t h -  

a c r y l a t e ,   a l l y l   m e t h a c r y l a t e ,   t r i m e t h y l o l p r o p a n e   t r i m e t h -  

a c r y l a t e ,   d i v i n y l   b e n z e n e ,   d i a l l y l   p h t h a l a t e ,   and  t h e  

p o l y a c r y l a t e   and  p o l y m e t h a c r y l a t e   e s t e r s   of  i s o c y a n u r i c  

a c i d s   and  s - t r i a z i n e s   ( e . g . ,   t r i s ( 2 - a c r y l o y l o x y e t h y l ) -  

i s o c y a n u r a t e   [ a v a i l a b l e   as  "SRR_368"   f rom  S a r t o m e r   C o . ,  

W e s t   C h e s t e r ,   PA])  and  l , 3 , 5 - t r i ( 2 - m e t h a c r y l o x y e t h y l ) -  

i s o c y a n u r a t e .  

W e t t a b i l i t y   i s   a  v e r y   i m p o r t a n t   c h a r a c t e r i s t i c  

f o r   c o n t a c t   l e n s e s   to  p o s s e s s   in  o r d e r   to  p r o v i d e   c o m f o r t  

and  good   v i s u a l   a c u i t y .   W e t t a b i l i t y   can   be  i m p r o v e d   ( i . e . ,  

w a t e r   c o n t a c t   a n g l e   b r o u g h t   to  b e l o w   a b o u t   7 0 ° )   in   a  n u m b e r  

of   w a y s .   For   e x a m p l e ,   t h e   m o n o m e r s   of  F o r m u l a e   IV  o r   V  c a n  

be  p o l y m e r i z e d   w i t h   f rom  a b o u t   2  to  10  p a r t s   by  w e i g h t   o f  

t h e   t o t a l   w e i g h t   of  t h e   p o l y m e r i z a t i o n   m i x t u r e   of  a  

c o p o l y m e r i z a b l e   e t h y l e n i c a l l y - u n s a t u r a t e d   monomer   t h a t   h a s  

a  h y d r o p h i l i c   g r o u p   s u c h   a s ,   f o r   e x a m p l e ,   a  h y d r o x y ,  

c a r b o x y ,   c a r b o n a m i d o   s u l f o n y l ,   and  s u l f o n a m i d o   g r o u p s .  
R e p r e s e n t a t i v e   e x a m p l e s   of  u s e f u l   w a t e r - s o l u b l e ,  

e t h y l e n i c a l l y - u n s a t u r a t e d   m o n o m e r s   i n c l u d e   2 - h y d r o x y e t h y l  

a c r y l a t e   and  m e t h a c r y l a t e ,   3 - h y d r o x y p r o p y l   a c r y l a t e ,  

4 - h y d r o x y b u t y l   a c r y l a t e ,   5 - h y d r o x y p e n t y l   a c r y l a t e ,  

2 , 3 - d i h y d r o x y p r o p y l   a c r y l a t e   and  m e t h a c r y l a t e ,  



N - v i n y l - 2 - p y r r o l i d o n e ,   2 - c a r b o x y e t h y l   a c r y l a t e ,  

2 - c a r b o n a m i d o e t h y l   m e t h a c r y l a t e ,   2 - s u l f o e t h y l   m e t h a c r y l a t e ,  

2 - s u l f o a m i d o e t h y l   a c r y l a t e ,   v i n y l s u l f o n i c   a c i d ,   a n d  

m i x t u r e s   t h e r e o f .  

A n o t h e r   t e c h n i q u e   f o r   i m p r o v i n g   t h e   w e t t a b i l i t y  

of  t h e   d e v i c e s   of  t h e   i n v e n t i o n   i n v o l v e s   s u b j e c t i n g   t h e  

s u r f a c e   of  t h e   d e v i c e   to  t h e  a c t i o n   of  a  g low  d i s c h a r g e   a t  

a  low  p r e s s u r e   ( e . g . ,   0 . 0 1   to   5  T o r r )   f o r   f rom  a b o u t   0 . 5   t o  

10  m i n u t e s   in  a c c o r d a n c e   w i t h   t he   d i s c l o s u r e   in  U . S .   P a t e n t  

3 , 9 4 0 , 2 0 7 .   T h i s   t e c h n i q u e   may  be  u s e d   to  i m p r o v e   t h e   w e t -  

a b i l i t y   of  d e v i c e s   of  t h e   i n v e n t i o n   p r e p a r e d   f rom  any  o f  

t h e   t e l e c h e l i c   m o n o m e r s .  

P a r t i c u l a r l y   p r e f e r r e d   c o m p o s i t i o n s   a c c o r d i n g   t o  

t h e   i n v e n t i o n   c o m p r i s e  

a)  f rom  50  to  88  ( p r e f e r a b l y   67  to   83)  w e i g h t  

p e r c e n t   of  t h e   F o r m u l a e   IV  o r   V  m o n o m e r  

b)  f rom  1 0 - 4 8   ( p r e f e r a b l y   15  to   28)  w e i g h t  

p e r c e n t   of  t h e   e t h y l e n i c a l l y   u n s a t u r a t e d  

monomer   c o p o l y m e r i z a b l e   w i t h   s a i d   F o r m u l a e   I V  

o r   V  monomer   a n d  

c)  f rom  2  to   10  ( p r e f e r a b l y   2  to   8)  w e i g h t   p e r c e n t  

of  an  e t h y l e n i c a l l y   u n s a t u r a t e d   m o n o m e r  

h a v i n g   h y d r o p h i l i c   g r o u p s   c o p o l y m e r i z a b l e  

w i t h   t h e   F o r m u l a e   IV  or   V  m o n o m e r .  

The  F o r m u l a e   IV  or   V  m o n o m e r s   may  be  p r e p a r e d   b y  

t h e   r e a c t i o n   of  a  p o l y ( p e r f l u o r o o x y a l k y l e n e ) a l k a n o l   o r  

- d i o l   or   a  p o l y ( p e r f l u o r o o x y a l k y l e n e ) a m i d o a l k a n o l   o r  

- d i a m i d o a l k a n o l   or   t h e   c o r r e s p o n d i n g   a m i n o   o r   d i a m i n o  

c o m p o u n d s   w i t h   t he   h a l i d e ,   a n h y d r i d e ,   o r   l o w e r   a l k y l   e s t e r  

of  a c r y l i c   or   m e t h a c r y l i c   a c i d ,   or   w i t h   an  i s o c y a n a t o a l k y l  

a c r y l a t e   or   m e t h a c r y l a t e ,   or   w i t h   t he   r e a c t i o n   p r o d u c t  o f  

one  mole  of  an  o r g a n i c   d i i s o c y a n a t e   and  one  mole   of  a  

h y d r o x y a l k y l   a c r y l a t e   or   m e t h a c r y l a t e .   They  may  a l s o   b e  

p r e p a r e d   by  t h e   r e a c t i o n   of  a  p o l y ( p e r f l u o r o o x y a l k y l e n e ) -  

c a r b o n y l   h a l i d e   or   d i c a r b o n y l   h a l i d e   w i t h   an  a l k y l e n e a m i n e ,  

s u c h   as  a l l y l a m i n e .  



P o l y m e r i z a t i o n   of  t h e   F o r m u l a e   IV  and  V  m o n o m e r s  

may  be  c a r r i e d   o u t   by  e m p l o y i n g   i n i t i a t o r s   w h i c h   g e n e r a t e  

f r e e - r a d i c a l s   on  a p p l i c a t i o n   of  an  a c t i v a t i n g   e n e r g y   as  i s  

c o n v e n t i o n a l l y   u s e d   in  t h e   p o l y m e r i z a t i o n   of  e t h y l e n i c a l l y  

u n s a t u r a t e d   m o n o m e r s .   I n c l u d e d   among  f r e e - r a d i c a l   i n i t i a -  

t o r s   a r e   t h e   c o n v e n t i o n a l   t h e r m a l l y   a c t i v a t e d   i n i t i a t o r s  

s u c h   as  o r g a n i c   p e r o x i d e s   and  o r g a n i c   h y d r o p e r o x i d e s .  

R e p r e s e n t a t i v e   e x a m p l e s   of  s u c h   i n i t i a t o r s   i n c l u d e   b e n z o y l  

p e r o x i d e ,   t e r t i a r y - b u t y l   p e r b e n z o a t e ,   d i i s o p r o p y l   p e r o x y -  

d i c a r b o n a t e ,   cumene   h y d r o p e r o x i d e ,   a z o b i s ( i s o b u t y r o n i t r i l e ) ,  

and  t h e   l i k e .   G e n e r a l l y ,   f rom  a b o u t   0 . 1   to  5  p e r c e n t   b y  

w e i g h t   of  t h e r m a l   i n i t i a t o r   i s   u s e d .  

P h o t o i n i t i a t o r s   may  a l s o   be  e m p l o y e d   to  i n i t i a t e  

p o l y m e r i z a t i o n .   Such  i n i t i a t o r s   a r e   w e l l   known  and  h a v e  

b e e n   d e s c r i b e d ,   f o r   e x a m p l e ,   in   p o l y m e r i z a t i o n   a r t ,   e . g . ,  

C h a p t e r   I I   of  " P h o t o c h e m i s t r y "   by  C a l v e r t   and  P i t t s ,   J o h n  

W i l e y   &  Sons   ( 1 9 6 6 ) .   The  p r e f e r r e d   i n i t i a t o r s   a r e   p h o t o -  

i n i t i a t o r s   w h i c h   f a c i l i t a t e   p o l y m e r i z a t i o n   when  t h e  

c o m p o s i t i o n   i s   i r r a d i a t e d .   R e p r e s e n t a t i v e   e x a m p l e s   of  s u c h  

i n i t i a t o r s   i n c l u d e   a c y l o i n   and  d e r i v a t i v e s   t h e r e o f ,   s u c h   a s  

b e n z o i n ,   b e n z o i n   m e t h y l   e t h e r ,   b e n z o i n   e t h y l   e t h e r ,   b e n z o i n  

i s o p r o p y l   e t h e r ,   b e n z o i n   i s o b u t y l   e t h e r   and  a - m e t h y l -  

b e n z o i n ;   d i k e t o n e s   s u c h   as  b e n z i l   and  d i a c e t y l ,   e t c . ;  

k e t o n e s   s u c h   as  a c e t o p h e n o n e , a , a , a - t r i c h l o r o a c e t o p h e n o n e ,  

a , a , a - t r i b r o m o a c e t o p h e n o n e ,   a , a - d i e t h o x y a c e t o p h e n o n e  

(DEAP) ,   2 - h y d r o x y - 2 - m e t h y l - l - p h e n y l - l - p r o p a n o n e ,  

o - n i t r o - @ , @ , @ - t r i b r o m o a c e t o p h e n o n e ,   b e n z o p h e n o n e   a n d  

p , p ' - t e t r a m e t h y l d i a m i n o b e n z o p h e n o n e ;   a - a c y l o x i m e   e s t e r s  

s u c h   as  b e n z i l - ( O - e t h o x y c a r b o n y l ) - a - m o n o x i m e ;   k e t o n e / a m i n e  

c o m b i n a t i o n s   s u c h   as  b e n z o p h e n o n e / N - m e t h y l d i e t h a n o l a m i n e ,  

b e n z o p h e n o n e / t r i b u t y l a m i n e   and  b e n z o p h e n o n e / M i c h l e r ' s  .  

k e t o n e ;   and  b e n z i l k e t a l s   s u c h   as  b e z i l d i m e t h y l k e t a l ,  

b e n z i l d i e t h y l k e t a l   and  2 , 5 - d i c h l o r o b e n z i l d i m e t h y l k e t a l .  

N o r m a l l y ,   t h e   p h o t o i n i t i a t o r   i s   u s e d   in  a m o u n t s   r a n g i n g  

f rom  a b o u t   0 . 0 1   to  5%  by  w e i g h t   of  t h e   t o t a l   o l i g o m e r i c  

c o m p o s i t i o n .   When  t h e   q u a n t i t y   i s   l e s s   t h a n   0 .01%  b y  

w e i g h t ,   t h e   p h o t o p o l y m e r i z a t i o n   r a t e   b e c o m e s   e x t r e m e l y   l o w .  



I f   t h e   p h o t o i n i t i a t o r   i s   u sed   in  e x c e s s   of  5%  by  w e i g h t ,   n o  

c o r r e s p o n d i n g l y   i m p r o v e d   e f f e c t   i s   o b s e r v e d .   P r e f e r a b l y ,  

a b o u t   0 . 2 5   to  1.0%  of  p h o t o i n i t i a t o r   i s   u sed   in  t h e  

p o l y m e r i z a b l e   c o m p o s i t i o n s .  

P o l y m e r i z a t i o n   may  be  c a r r i e d   o u t   in  b u l k   in  a  

c o n v e n t i o n a l   m a n n e r .   When  t h e   a c t i v a t i n g   e n e r g y   i s  

u l t r a v i o l e t   l i g h t ,   t h e   i r r a d i a t i o n   i s   t y p i c a l l y   c a r r i e d   o u t  

a t   a  t e m p e r a t u r e   of  a b o u t   0°  to  50°C  f o r   0 . 5   m i n u t e   to  5 

h o u r s   or   m o r e .   F o l l o w i n g   u l t r a v i o l e t   i r r a d i a t i o n ,   t h e  

c o m p o s i t i o n   may  be  h e a t e d   a t   50°  to  100°C  to  c o m p l e t e   t h e  

p o l y m e r i z a t i o n .  

When  t h e   a c t i v a t i n g   e n e r g y   i s   o n l y   h e a t ,   p o l y -  

m e r i z a t i o n   i s   u s u a l l y   c a r r i e d   ou t   a t   a  t e m p e r a t u r e   f r o m  

a b o u t   40°  to  140°C  f o r   a b o u t   5  to   50  h o u r s .   The  p o l y m e r i z a -  

t i o n   can  a l s o   be  c a r r i e d   ou t   in  s t a g e s .   T h u s ,   in  a  f i r s t  

s t a g e ,   t h e   c o m p o s i t i o n   may  be  h e a t e d   a t   40°  to  60°C  f o r  

a b o u t   5  to  25  h o u r s ,   and  in   a  s e c o n d   s t a g e   i t   may  be  h e a t e d  

a t   50°  to  100°C  f o r   5  to   25  h o u r s .   I t   i s   to  be  u n d e r s t o o d ,  

of  c o u r s e ,   t h a t   t h e   p o l y m e r i z a t i o n   c o n d i t i o n s   a r e   n o t  

l i m i t e d   to  such  t e m p e r a t u r e   and  t i m e   c o n d i t i o n s   n o r   to  t h e  

use   of  u l t r a v i o l e t   o r   h e a t   as  t h e   i n i t i a t i n g   e n e r g y .  
T e l e c h e l i c   p o l y p e r f l u o r o p o l y e t h e r   monomers   o t h e r  

t h a n   t h o s e   of  F o r m u l a e   IV  and  V  may  a l s o   be  p o l y m e r i z e d   b y  

t e c h n i q u e s   t h a t   a r e   k n o w n .  

For   e x a m p l e ,   w h e r e   t h e   r e a c t i v e   g r o u p   Q1  of  a  

F o r m u l a   I I I   monomer  i s   an  e p o x i d e   g r o u p   ( e . g . ,   C o m p o u n d s  

XXIV  t h r o u g h   XXVI)  p o l y m e r i z a t i o n   may  be  e f f e c t e d   e i t h e r  

t h e r m a l l y   or   by  a c t i v a t i n g   r a d i a t i o n .   S u i t a b l e   t h e r m a l  

p o l y m e r i z a t i o n   c a t a l y s t s   or   i n i t i a t o r s   i n c l u d e   a c i d   c u r i n g  

a g e n t s   such   as  B r o n s t e a d   and  L e w i s   a c i d s ,   fo r   e x a m p l e  

a l u m i n u m   c h l o r i d e ,   z i n c   c h l o r i d e ,   a n t i m o n y   p e n t a f l u o r i d e ,  

b i s ( t r i f l u o r o m e t h a n e s u l f o n y l ) m e t h a n e ,   e t c . ;   L e w i s   a c i d  

a d d u c t s   such  as  b o r o n   t r i f l u o r i d e   d i e t h y l   e t h e r a t e ,   b o r o n  

t r i f l u o r o i d e - a m i n e   a d d u c t s ,   a n t i m o n y   p e n t a c h l o r i d e - a n i l i n e  

a d d u c t ,   a l k y l c a r b o x y t i n   c o m p o u n d s   such   as  d i b u t y l t i n -  

d i a c e t a t e ,   e t c . ;   i n o r g a n i c   a c i d s   s u c h   as  p h o s p h o r i c   a c i d ;  

and  L e w i s   b a s e s   such   as  d i e t h a n o l a m i n e ,   b e n z y l d i m e t h y l -  



a m i n e   and  t r i e t h y l a m i n e .   G e n e r a l l y   f rom  1  to   5  p e r c e n t   b y  

w e i g h t   of  c a t a l y s t   i s   u s e d .   Many  of  t h e   c a t a l y s t s   g i v e  

e x o t h e r m i c   r e a c t i o n s   and  c u r e   c o m p l e t e l y   w i t h i n   a  few  h o u r s  

w i t h o u t   e x t e r n a l l y   a p p l i e d   h e a t .   Many  o t h e r   of  t h e  

c a t a l y s t s ,   p a r t i c u l a r l y   t h e   a m i n e   a d d u c t s ,   g i v e   c o m p o s i -  

t i o n s   w h i c h   a r e   s t o r a g e   s t a b l e   f o r   m o n t h s   b u t   t h e n   can  b e  

p o l y m e r i z e d   by  a p p l i c a t i o n   of  h e a t   f o r   s e v e r a l   m i n u t e s   t o  

s e v e r a l   h o u r s   a t   t e m p e r a t u r e s   up  to  2 5 0 ° .   D i s c u s s i o n   o f  

t h e   p o l y m e r i z a t i o n   of  e p o x y   c o m p o u n d s   can   be  f o u n d   in   L e e  

and  N e v i l l e ,   " H a n d b o o k   of  Epoxy  R e s i n s , "   M c G r a w - H i l l   B o o k  

C o . ,   New  York  ( 1 9 6 7 ) .  

When  a c t i v a t i n g   r a d i a t i o n   i s   e m p l o y e d   to  e f f e c t  

p o l y m e r i z a t i o n   of  m o n o m e r s   in   w h i c h   t h e   01  g r o u p   i s   e p o x y  

g r o u p s ,   i t   i s   a d v a n t a g e o u s   to  use   a  p h o t o i n i t i a t o r   w h i c h  

r e l e a s e s   Lewis   a c i d   on  e x p o s u r e   to  r a d i a t i o n .   S u i t a b l e  

p h o t o i n i t i a t o r s   a r e   t h e   a r y l o n i u m   s a l t s   of  h a l o g e n - c o n -  

t a i n i n g   c o m p l e x   a n i o n s   i n c l u d i n g   f o r   e x a m p l e   t h e   a r y l -  

d i a z o n i u m   s a l t s   s u c h   as   d e s c r i b e d   in  U . S .   P a t e n t   N o .  

3 , 8 3 5 , 0 0 3 ,   t h e   a r y l h a l o n i u m   s a l t s   s u c h   as  t h e   a r o m a t i c  

h a l o n i u m   s a l t s   d e s d r i b e d   in   U . S .   P a t e n t   No.  4 , 0 2 6 , 7 0 5   a n d  

t h e   a r o m a t i c   o n i u m   s a l t s   of  Group   VIa  e l e m e n t s   s u c h   as  t h e  

a r o m a t i c   s u l f o n i u m   s a l t s   s u c h   as  a r e   d e s c r i b e d   in  U . S .  

P a t e n t   Nos .   4 , 0 5 8 , 4 0 0   and  4 , 0 5 8 , 4 0 1 .   E x a m p l e s   of  s u i t a b l e  

a r y l o n i u m   s a l t s   i n c l u d e :   p - c h l o r o b e n z e n e d i a z o n i u m  

t e t r a f l u o r o b o r a t e ,   o - n i t r o b e n z e n e d i a z o n i u m   h e x a f l u o r o -  

a n t i m o n a t e ,   2 , 5 - d i e t h o x y - 4 - ( p - t o l y l t h i o ) b e n z e n e d i a z o n i u m  

h e x a c h l o r o p h o s p h a t e ,   4 , 4 ' - d i m e t h y l d i p h e n y l i o d o n i u m   h e x a -  

f l u o r o a r s e n a t e ,   4 , 4 ' - d i - t - b u t y l d i p h e n y l i o d o n i u m   h e x a f l u o r o -  

a n t i m o n a t e ,   d i p h e n y l i o d o n i u m   h e x a f l u o r o a n t i m o n a t e ,  

4 , 4 ' - b i p h e n y l i o d o n i u m   t e t r a f l u o r o b o r a t e ,   t r i p h e n y l s u l f o n i u m  

h e x a f l u o r c p h o s p h a t e ,   p h e n a c y l t e t r a m e t h y l e n e s u l f o n i u m   t e t r a -  

f l u o r o b o r a t e ,   t r i p h e n y l s e l e n o n i u m   h e x a c h l o r o p h o s p h a t e ,  

t r i p h e n y l s u l f o n i u m   h e x a f l u o r o a n t i m o n a t e ,   4 - p h e n y l t h i o -  

p h e n y l d i p h e n y l s u l f o n i u m   h e x a f l u o r o a n t i m o n a t e .  

Monomers   w h i c h   a r e   c o p o l y m e r i z a b l e   w i t h   t h e  

t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   monomer s   of  F o r m u l a   I I I   i n  

w h i c h   Ql  i s   an  e p o x y   g r o u p   i n c l u d e   m o n o m e r i c   e p o x y  



c o m p o u n d s   and  e p o x i d e s   of  t h e   p o l y m e r i c   t ype   and  c a n   b e  

a l i p h a t i c ,   c y c l o a l i p h a t i c ,   a r o m a t i c   or   h e t e r o c y c l i c .   T h e s e  

n a t e r i a l s   g e n e r a l l y   have   a t   l e a s t   one  p o l y m e r i z a b l e   e p o x y  

g r o u p   p e r   m o l e c u l e   bu t   can  h a v e   a  p l u r a l i t y   of  e p o x y  

g r o u p s .   A  l a r g e   n u m b e r   of  s u i t a b l e   c o p o l y m e r i z a b l e   low  a n d  

h i g h   m o l e c u l a r   w e i g h t   mono  and  p o l y e p o x y   g r o u p - c o n t a i n i n g  

c o m p o u n d s   a r e   l i s t e d   in  c o l u m n s   3  and  4  of  U .S .   P a t e n t   N o .  

4 , 2 1 9 , 3 7 7   among  many  o t h e r   p a t e n t s .  

W h e r e   t he   r e a c t i v e   g r o u p ,   01,  of  t h e   F o r m u l a   I I I  

monomer   i s   an  i s o c y a n a t e   g r o u p   ( e . g . ,   C o m p o u n d s   XXVII  a n d  

X X V I I I )   a  p o l y m e r   i s   p r e p a r e d   by  t r i m e r i z a t i o n   of  t h e  

i s o c y a n a t e   g r o u p   to  p r o d u c e   a  p o l y i s o c y a n u r a t e   in  t h e  

p r e s e n c e   o f . a   t r i m e r i z a t i o n   c a t a l y s t .   Many  t r i m e r i z a t i o n  

c a t a l y s t s   fo r   t h e   r e a c t i o n   a r e   known,   e . g . ,   s e e  

" P o l y u r e t h a n e s :   C h e m i s t r y   and  T e c h n o l o g y , "   P a r t   1,  b y  

J .   H.  S a u n d e r s   and  K.  C.  F r i s c h ,   I n t e r s c i e n c e   P u b . ,   New 

York  ( 1 9 6 2 ) .   P r e f e r r e d   c a t a l y s t s   a r e   t he   t r i t h i o c a r b o n a t e s  

d i s c l o s e d   in  U .S .   P a t e n t   3 , 7 1 5 , 3 3 7   ( A l l e n   e t   a l . ) .  

I s o c y a n a t e s   t h a t   can   be  c o t r i m e r i z e d   w i t h   t h e  

t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   m o n o m e r s   of  F o r m u l a   I I I   i n  

w h i c h   Q1  i s   an  i s o c y a n a t e   g r o u p   i n c l u d e   t h e   a l i p h a t i c ,  

a r o m a t i c   and  h e t e r o c y c l i c   i s o c y a n a t e s   known  in  u r e t h a n e  

c h e m i s t r y .   E x a m p l e s   i n c l u d e   mono  and  p o l y i s o c y a n a t e s   s u c h  

as  p h e n y l i s o c y a n a t e ,   t o l y l e n e d i i s o c y a n a t e   and  1 , 3 , 5 - b e n z e n e -  

t r i i s o c y a n a t e .   P r e f e r r e d   i s o c y a n a t e s   a r e   t he   d i i s o c y a n a t e s .  

E x a m p l e s   of  p r e f e r r e d   d i i s o c y a n a t e s   i n c l u d e  

2 , 4 - t o l y l e n e   d i i s o c y a n a t e s ,   3 , 5 , 5 - t r i m e t h y l - l - i s o c y a n a t o - 3 -  

i s o c y a n a t o - m e t h y l c y c l o h e x a n e   ( a l s o   c a l l e d   i s o p h o r o n e   d i i s o -  

c y a n a t e   and  s o l d   u n d e r   t h e   t r a d e m a r k   " I P D I "   by  V e b a - C h e m i e  

AG),  m e t h y l e n e   b i s - ( 4 - c y c l o h e x y l i s o c y a n a t e )   s o l d   u n d e r   t h e  

t r a d e m a r k   " H y l e n e "   WS  by  d u P o n t ,   h e x a m e t h y l e n e   d i i s o c y a n a t e  

and  1 , 3 - d i ( i s o c y a n a t o e t h y l ) h y d a n t o i n .   O t h e r   s u i t a b l e  

d i i s o c y a n a t e s   a r e   d e s c r i b e d   in  U . S .   P a t e n t   Nos.   3 , 6 4 1 , 1 9 9 :  

3 , 7 0 0 , 6 4 3 ;   and  3 , 9 3 1 , 1 1 7 ,   among  many  o t h e r s .   I t   i s   to  b e  

u n d e r s t o o d   t h a t   t h e   a m o u n t   of  i s o c y a n a t e   used   m u s t   p r o v i d e  

no  more  t h a n   50  p e r c e n t   of  t h e   c o m b i n e d   w e i g h t   o f  

i s o c y a n a t e - t e r m i n a t e d   t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   m o n o m e r  

and  t h e   i s o c y a n a t e .  



W h e r e   Ql  and  Z  of  F o r m u l a   I I I   a r e   b o t h   r e a c t i v e  

g r o u p s ,   p o l y m e r s   f rom  w h i c h   t h e   d e v i c e s   of  t h e   i n v e n t i o n  

c a n   be  p r e p a r e d   c an   be  made  by  r e a c t i o n   w i t h   a  c o r e a c t a n t  

h a v i n g   two  o r   more  g r o u p s   c o m p l i m e n t a r y   ( i . e . ,   r e a c t i v e  

w i t h )   to   t h e   r e a c t i v e   g r o u p ,   Ql .   When  Q1  and  Z  a r e  

i s o c y a n a t o   g r o u p s ,   -NCO,  p o l y m e r s   t h a t   can  be  u s e d   to  m a k e  

t h e   d e v i c e s   of  t h e   i n v e n t i o n   can   be  p r e p a r e d   by  r e a c t i o n  

w i t h   p o l y n u c l e o p h i l i c   c o m p o u n d s   s u c h   as  p o l y o l s ,   p o l y -  

a m i n e s ,   p o l y t h i o l s ,   and  p o l y c a r b o x y l i c   a c i d s   h a v i n g   a  

h y d r o x y l ,   a m i n o ,   t h i o l ,   and  c a r b o x y l   e q u i v a l e n t   w e i g h t   u p  
to   a b o u t   2 5 0 0 ,   p r e f e r a b l y   a b o u t   200  to   1 2 5 0 .   The  p o l y m e r s  

f o r m e d ,   r e s p e c t i v e l y   a r e   p o l y u r e t h a n e s ,   p o l y u r e a s ,   p o l y -  

t h i o u r e a s ,   and  p o l y a m i d e s .  

R e p r e s e n t a t i v e   e x a m p l e s   of  low  m o l e c u l a r   p o l y -  

n u c l e o p h i l i c   c o m p o u n d s   t h a t   may  be  u s e d   i n c l u d e   w a t e r ,  

a l k y l e n e   g l y c o l s   ( e . g . ,   1 , 1 - e t h a n e d i o l ,   1 , 3 - p r o p a n e d i o l ,  

1 , 4 - b u t a n e d i o l ,   2 - e t h y l - l , 6 - h e x a n e d i o l ,   b i s ( h y d r o x y m e t h y l )  

c y c l o h e x a n e ,   1 , 1 8 - d i h y d r o x y o c t a d e c a n e ,   3 - c h l o r o - l , 2 - p r o p a n e -  

d i o l ) ,   p o l y h y d r o x y a l k a n e s   ( e . g . ,   g l y c e r i n e ,   t r i m e t h y l o l -  

e t h a n e ,   p e n t a e r y t h r i t o l ,   s o r b i t o l )   and  o t h e r   p o l y h y d r o x y  

c o m p o u n d s   s u c h   as  N , N - b i s ( h y d r o x y e t h y l )   b e n z a m i d e ,  

2 - b u t y n e - l , 4 - d i o l ,   4 , 4 ' - b i s ( h y d r o x y m e t h y l ) d i p h e n y l s u l f o n e ,  

c a s t o r   o i l ,   t h e   p e r f l u o r o p o l y e t h e r d i o l s   s u c h   as  C o m p o u n d s  

XXIX  and  XXX,  e t c .   and  c o r r e s p o n d i n g   a m i n o   and  t h i o l  

c o m p o u n d s .   E x a m p l e s   of  p o l y c a r b o x y l i c   a c i d s   t h a t   may  b e  

u s e d   i n c l u d e   s u c c i n i c ,   a d i p i c ,   s e b a c i c ,   o - ,   m-,   a n d  

p - p h t h a l i c   a c i d   and  t h e   l i k e .  

R e p r e s e n t a t i v e   e x a m p l e s   of  u s e f u l   h i g h e r  

m o l e c u l a r   w e i g h t   p o l y n u c l e o p h i l i c   c o m p o u n d s   h a v e   e q u i v a l e n t  

w e i g h t   up  to  2500  c o r r e s p o n d i n g   to  m o l e c u l a r   w e i g h t s   o f  

5000  f o r   d i o l s   and  7500  fo r   t r i o l s ,   p r e f e r a b l y   400  t o  . 2 5 0 0  

f o r   d i o l s   and  500  to  3750  f o r   t r i o l s   and  i n c l u d e   p o l y -  

a l k y l e n e   g l y c o l s   and  t r i o l s   s u c h   as  p o l y e t h y l e n e   g l y c o l s  

and  t r i o l s   and  p o l y p r o p y l e n e   g l y c o l s   and  t r i o l s ,   p o l y -  

t e t r a m e t h y l e n e   g l y c o l s   of  v a r y i n g   m o l e c u l a r   w e i g h t ;  

c o p o l y m e r s   of  h y d r o x y p r o p y l   and  h y d r o x e t h y l   a c r y l a t e s   a n d  

m e t h a c r y l a t e s   w i t h   o t h e r   f r e e   r a d i c a l - p o l y m e r i z a b l e  



m o n o m e r s   such   as  a c r y l a t e   e s t e r s ,   v i n y l   h a l i d e s   or   s t y r e n e ;  

c o p o l y m e r s   c o n t a i n i n g   p e n d e n t   h y d r o x y   g r o u p s   f o r m e d   b y  

h y d r o l y s i s   or  p a r t i a l   h y d r o l y s i s   of  v i n y l   a c e t a t e  

c o p o l y m e r s ,   p o l y v i n y l a c e t a l   r e s i n s   c o n t a i n i n g   p e n d e n t  

h y d r o x y l   g r o u p s ;   m o d i f i e d   c e l l u l o s e   p o l y m e r s   s u c h   a s  

h y d r o x y e t h y l a t e d   and  h y d r o x y p r o p y l a t e d   c e l l u l o s e ;   h y d r o x y -  
t e r m i n a t e d   p o l y e s t e r s   and  h y d r o x y - t e r m i n a t e d   p o l y a c e t o n e s ;  

h y d r o x y - t e r m i n a t e d   p o l y a l k a d i e n e s ;   and  c o r r e s p o n d i n g   a m i n o  

and  t h i o l   c o m p o u n d s .  

From  a b o u t   0 .9   to  1 .1   e q u i v a l e n t   w e i g h t s   of  p o l y -  

h y d r o x y   c o m p o u n d   i s   u s e d   pe r   i s o c y a n a t e   e q u i v a l e n t   w e i g h t .  

A l t h o u g h   i t   i s   no t   n e c e s s a r y ,   i t   i s   o f t e n   a d v a n t a g e o u s   t o  

add  a b o u t   0 . 0 1   to  1 . 0   p e r c e n t   by  w e i g h t   of  t h e   c o m b i n e d  

w e i g h t   of  t he   p o l y n u c l e o p h i l i c   c o m p o u n d   and  i s o c y a n a t o -  

p e r f l u o r o p o l y e t h e r   of  a  c a t a l y s t   fo r   t h e   r e a c t i o n   as  i s  

known  in  t he   a r t   may  be  u s e d .  

When  Q1  and  Z  of  F o r m u l a   I I I   a r e   b o t h   e p o x y  

g r o u p s ,   p o l y m e r s   can   be  made  by  r e a c t i o n   w i t h   c o r e a c t a n t s ,  

i . e . ,   e p o x y   c u r i n g   a g e n t s   s u c h   as  a r e   known  in  t h e   a r t  

( s e e ,   f o r   e x a m p l e ,   Lee  and  N e v i l l e ,   " H a n d b o o k   of  E p o x y  

R e s i n s , "   M c G r a w - H i l l   Book  C o . ,   New  York   ( 1 9 6 7 ) ) .   E x a m p l e s  

of   c u r i n g   a g e n t s   i n c l u d e   p r i m a r y   and  s e c o n d a r y   p o l y a m i n e s  

s u c h   as  h e x a m e t h y l e n e d i a m i n e ,   m e t h a n e d i a m i n e ,   m - x y l e n e -  

d i a m i n e ,   d i e t h y l e n e t r i a m i n e ,   p i p e r a z i n e ,   and  m e l a m i n e ;  

c a r b o x y l i c   a c i d s   and  a n h y d r i d e s   s u c h   as  o - p h t h a l i c   a c i d   a n d  

a n h y d r i d e ,   s u c c i n i c   a c i d   and  a n h y d r i d e ,   n a d i c   a n h y d r i d e   a n d  

p o l y s e b a c i c   p o l y a n h y d r i d e ;   p o l y o l s   s u c h   as  e t h y l e n e   g l y c o l ,  

b u t y l e n e   g l y c o l ,   d i e t h a n o l a m i n e ,   g l y c e r i n e ,   and  t e t r a o x y -  

e t h y l e n e   g l y c o l .   The  r e a c t i o n   i s   g e n e r a l l y   c a r r i e d   ou t   b y  

h e a t i n g   a  m i x t u r e   of  e q u i v a l e n t   w e i g h t s   of  t h e   p e r f l u o r o -  

p o l y e t h e r d i e p o x i d e   and  t h e   c u r i n g   a g e n t   a t   a  t e m p e r a t u r e   o f  

50  to  200°C  f o r   0 .5   to  5  h o u r s   u n t i l   t h e   d i s a p p e a r a n c e   o f  

t h e   e p o x y   g r o u p .   I t   i s   u s u a l l y   d e s i r a b l e   to  a c c e l e r a t e   t h e  

r e a c t i o n   by  use  of  a  c a t a l y s t   such   as  a  L e w i s   a c i d   or  a  

t e r t i a r y   amine   as  i s   known  in  t h e   a r t .  

When  Q1  and  Z  of  F o r m u l a   I I I   a r e   h y d r o x y l   g r o u p s  
s u c h   as  e x e m p l i f i e d   in  C o m p o u n d s   XXIX  and  XXX  or   a m i n o  



g r o u p s   s u c h   as   t h e   e x e m p l i f i e d   Compound  XXVI,  p o l y m e r s   c a n  

be  made  by  r e a c t i o n   w i t h   a  c o r e a c t a n t   h a v i n g   2  o r   m o r e  

f u n c t i o n a l   g r o u p s   r e a c t i v e   w i t h   t h e   h y d r o x y l   or   a m i n o   g r o u p  
to  fo rm  c o v a l e n t   b o n d s   as  is   known  in  t h e   a r t .   I n c l u d e d  

among  s u c h   c o r e a c t a n t s   a r e   p o l y i s o c y a n a t e s ,   p o l y c a r b o x y l i c  

a c i d s   ( i n c l u d i n g   t h e i r   a n h y d r i d e s ,   a c i d   h a l i d e s ,   and  e s t e r s  

w i t h   v o l a t i l e   a l c o h o l s ) ,   h e x a m e t h o x y m e t h y l m e l a m i n e ,   and  t h e  

p e r f l u o r o p o l y e t h e r   d i c a r b o x y l i c   a c i d s   s u c h   as  C o m p o u n d s  

XXXII  and  X X X I I I .  

When  Ql  and  Z  of  F o r m u l a   I I I   a r e   b o t h   c a r b o x y l   o r  
a m i n o   g r o u p s ,   t h e i r   h a l i d e   d e r i v a t i v e ,   or   t h e   e s t e r   f o r m e d  

by  r e a c t i o n   w i t h   a  low  m o l e c u l a r   w e i g h t   a l k a n o l   s u c h   as  i s  

e x e m p l i f i e d   by  Compound   X X X I I I ,   p o l y m e r s   can   be  p r e p a r e d   b y  

r e a c t i o n   w i t h   p o l y i s o c y a n a t e s ,   p o l y o l s ,   p o l y a m i n e s   to  f o r m  

p o l y u r e t h a n e s ,   p o l y e s t e r s ,   and  p o l y a m i d e s   as  i s   known  i n  

t h e   a r t .  

The  d e v i c e s   of  t h e   i n v e n t i o n   may  be  p r e p a r e d   b y  

c h a r g i n g   t h e   m a t e r i a l   to  be  p o l y m e r i z e d   to  a  mold  of  t h e  

d e s i r e d   c o n f i g u r a t i o n   and  c a u s i n g   p o l y m e r i z a t i o n   to  t a k e  

p l a c e   t h e r e i n .   D e v i c e s   h a v i n g   t h e   d e s i r e d   f i n a l   c o n f i g u r a -  

t i o n   may  be  o b t a i n e d   in   t h i s   m a n n e r .   The  r e s u l t a n t   d e v i c e  

may  be  m a c h i n e d   a n d / o r   p o l i s h e d   i f   d e s i r e d   u s i n g   t e c h n i q u e s  

known  to  t h e   a r t .  

A l t e r n a t i v e l y ,   t h e   d e v i c e s   of  t h e   i n v e n t i o n   m a y  
be  p r o v i d e d   by  p o l y m e r i z i n g   t h e   t e l e c h e l i c   p e r f l u o r o p o l y -  

e t h e r   m o n o m e r   i n t o   a  r o d ,   b l o c k ,   o r   s h e e t   f o l l o w e d   b y  

c u t t i n g   t h e   d e v i c e   t h e r e f r o m .   T h i s   t e c h n i q u e   i s   u s e f u l  

when  t h e   p o l y m e r i z a t i o n   p r o d u c t   c o n t a i n s   a t   l e a s t   a b o u t   3 0  

w e i g h t   p e r c e n t   of  t h e   c o m p a t i b l e   c o m o n o m e r   c o p o l y m e r i z a b l e  

w i t h   t h e   p e r f l u o r o p o l y e t h e r   m o n o m e r .   Where   t h e   f u n c t i o n -  

a l i t i e s   of  t h e   m o n o m e r s   a l l o w ,   a  t h e r m o p l a s t i c   p o l y m e r   i s  

o b t a i n e d   f rom  w h i c h   t h e   d e v i c e s   can   be  m o l d e d   by  i n j e c t i o n  

m o l d i n g   o r   o t h e r   m o l d i n g   p r o c e d u r e s .  

The  p r e s e n t   i n v e n t i o n   i s   f u r t h e r   d e s c r i b e d   in   t h e  

f o l l o w i n g   r e p r e s e n t a t i v e   e x a m p l e s .   A l l   t e m p e r a t u r e s   a r e  

g i v e n   in  d e g r e e s   C e n t i g r a d e   and  a l l   p a r t s   a r e   g i v e n   i n  

p a r t s   by  w e i g h t   u n l e s s   o t h e r w i s e   s t a t e d .  



EXAMPLE  1 

A  h y d r o x y l - t e r m i n a t e d   t e l e c h e l i c   p e r f l u o r o p o l y -  

e t h e r   monomer   h a v i n g   t h e   f o r m u l a  

H O C H 2 - C F 2 0 ( C 2 F 4 0 ) m ( C F 2 0 ) n C F 2 - C H 2 - O H   and  a  h y d r o x y l  

e q u i v a l e n t   w e i g h t   of  a b o u t   1050  was  p r e p a r e d   a c c o r d i n g   t o  

t h e   p r o c e d u r e s   d e s c r i b e d   in  U . S .   P a t e n t   3 , 8 1 0 , 8 7 4 ,   E x a m p l e  

V I I I .   A  250  ml  b o t t l e   was  c h a r g e d   w i t h   222  g  of  t h i s  

h y d r o x y l - t e r m i n a t e d   m a t e r i a l ,   3 2 . 0   g  2 - i s o c y a n a t o e t h y l  

m e t h a c r y l a t e ,   and  0 . 1 4   g  d i b u t y l t i n   d i l a u r a t e .   The  b o t t l e  

was  c a p p e d   and  s h a k e n   on  a  m e c h a n i c a l   s h a k e r   f o r   20  h o u r s ,  

a  m i l d   e x o t h e r m   b e i n g   n o t e d   d u r i n g   t h e   f i r s t   h o u r .   A f t e r  

s h a k i n g ,   an  i n f r a r e d   s p e c t r u m   t a k e n   of  t h e   c l o u d y   r e a c t i o n  

p r o d u c t   i n d i c a t e d   d i s a p p e a r a n c e   of  i s o c y a n a t e .   The  m i x t u r e  

was  d i s s o l v e d   in  400  ml  1 , 1 , 2 - t r i c h l o r o - 2 , 2 , 1 - t r i f l u o r o -  

e t h a n e   ( F r e o n - 1 1 3 )   and  w a s h e d   s u c c e s s i v e l y   w i t h   t h r e e  

p o r t i o n s   of  100  ml  w a t e r   e a c h .   The  F r e o n   was  s t r i p p e d   f r o m  

t h e   w a s h e d   m a t e r i a l ,   t h e   r e s i d u e   s h a k e n   in  a  s e p a r a t o r y  

f u n n e l   w i t h   500  ml  of  FC-75   (a  p e r f l u o r i n a t e d   c y c l i c   e t h e r  

a v a i l a b l e   f rom  3M  Company)   and  t h e   l o w e r   l a y e r   p e r i o d i c a l l y  

w i t h d r a w n   o v e r   a  p e r i o d   of  two  d a y s   u n t i l   no  f u r t h e r  

s e p a r a t i o n   o c c u r r e d .   R e m o v a l   of  s o l v e n t   f rom  t h e   u p p e r  

l a y e r   y i e l d e d   214  g  of  c l e a r   o i l   (n22D  1 . 3 3 3 7 ) ,   i d e n t i f i e d  

by  NMR  as  e s s e n t i a l l y   p u r e   t e l e c h e l i c   p e r f l u o r o p o l y e t h e r  

monomer   h a v i n g   t he   f o r m u l a  

w h e r e i n   m/n  i s   a b o u t   0 .6   and  m  is   a b o u t   8 . 0 .   Remova l   o f  

s o l v e n t   f rom  t h e   l o w e r   l a y e r   y i e l d e d   37  g  of  c l o u d y   o i l  
(nD2  1 . 3 2 3 0 )   i d e n t i f i e d   by  NMR  a s  

u n r e a c t e d   H O C H 2 - C F 2 0 ( C 2 F 4 0 ) m ( C F 2 0 ) n C F 2 - C H 2 0 H ,   a n d  

n o n f u n c t i o n a l   m a t e r i a l   h a v i n g   a  p e r f l u o r o o x y a l k y l e n e  

b a c k b o n e .  



EXAMPLE  2 

A  25  cc  r o u n d   b o t t o m   f l a s k ,   f i t t e d   w i t h   a  m a g n e -  
t i c   s t i r r e r   and  s t o p c o c k ,   was  c h a r g e d   w i t h   9 . 8   g  of  t h e  

t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   d i m e t h a c r y l a t e   monomer   o f  

E x a m p l e   1,  0 . 2   g  of  m e t h y l   m e t h a c r y l a t e   and  0 . 0 5   g 

@ , @ - d i e t h o x y a c e t o p h e n o n e .   The  m i x t u r e   was  s t i r r e d   t o  

e f f e c t   s o l u t i o n   and  t h e n   f r o z e n   by  i m m e r s i n g   t h e   f l a s k   i n  

l i q u i d   n i t r o g e n .   The  f l a s k   was  e v a c u a t e d   f o r   f i v e   m i n u t e s  

a t   a  p r e s s u r e   of  1  T o r r .   The  s t o p c o c k   was  t h e n   c l o s e d   a n d  

t h e   f l a s k   a l l o w e d   to  warm  to  room  t e m p e r a t u r e .   T h i s  

f r e e z e / t h a w   p r o c e d u r e   was  p e r f o r m e d   a  t o t a l   of  t h r e e   t i m e s  

in  o r d e r   to  e l i m i n a t e   d i s s o l v e d   o x y g e n   f rom  t h e   t e l e c h e l i c  

p e r f l u o r o p o l y e t h e r   m o n o m e r .   The  f l a s k   was  t h e n   t r a n s f e r r e d  

to   a  n i t r o g e n   f i l l e d   g l o v e   bag  and  a  p o r t i o n   of  t h e   c o n -  

t e n t s   w e r e   c h a r g e d   i n t o   an  u l t r a v i o l e t   t r a n s m i s s i v e   c o n t a c t  

l e n s   mold   by  means   of  a  s y r i n g e .   A f t e r   l o a d i n g   t h e   l e n s  

m o l d ,   i t   was  r e m o v e d   f rom  t h e   g l o v e   b a g ,   s u s p e n d e d   in  a  

v e r t i c a l   p o s i t i o n   and  s u b j e c t e d   to  r a d i a t i o n   f rom  a  RS 

s u n l a m p   p o s i t i o n e d   18  cm  away.   A f t e r   f i v e   m i n u t e s   t h e   l e n s  

m o l d   was  r o t a t e d   180°   and  i r r a d i a t i o n   c o n t i n u e d   f o r   a n  

a d d i t i o n a l   55  m i n u t e s .   The  mold  was  o p e n e d   and  t h e  

p o l y m e r i c   l e n s   r e m o v e d .   I t   was  f l e x i b l e ,   t r a n s p a r e n t ,   h a d  

a  r e f r a c t i v e   i n d e x   of  n23D  1 . 3 5 5   and  an  o x y g e n   p e r m e a b i l i t y  

of   115  B a r r e r s ,   m e a s u r e d   as  d i s c l o s e d   p r e v i o u s l y .  

EXAMPLE  3 

E x a m p l e   2  was  r e p e a t e d   u s i n g   10  g  of  t h e  

t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   monomer  and  none   of  t h e  

m e t h y l   m e t h a c r y l a t e .   The  c o n t a c t   l e n s   o b t a i n e d   w a s  

f l e x i b l e ,   t r a n s p a r e n t ,   and  had  n23D  1 . 3 4 4   and  an  o x y g e n  

p e r m e a b i l i t y   of  125  B a r r e r s .  

EXAMPLE  4 

A  h y d r o x y - t e r m i n a t e d   t e l e c h e l i c   p e r f l u o r o p o l y -  

e t h e r   monomer   h a v i n g   t h e   same  f o r m u l a   as  g i v e n   in  E x a m p l e   1 

and  h a v i n g   a  h / d r o x y l   e q u i v a l e n t   w e i g h t   of  400  was  p r e p a r e d  

a c c o r d i n g   to  t h e   p r o c e d u r e s   d e s c r i b e d   in  U . S .   P a t e n t  



3 , 8 1 0 , 8 7 4 ,   E x a m p l e   V I I I .   T h i s   m a t e r i a l   was  u sed   to  p r e p a r e  

a  t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   monomer   h a v i n g   t h e   f o r m u l a  

in  w h i c h   t h e   r a t i o   of  m  to  n  was  0 .6   w h e r e i n   m  was  a b o u t   3 

and  n  was  a b o u t   5.  The  monomer   was  p r e p a r e d   by  r e a c t i o n   o f  

t h e   h y d r o x y - t e r m i n a t e d   p e r f l u o r o p o l y e t h e r   w i t h   m e t h a c r y l  

c h l o r i d e   in   a c c o r d a n c e   w i t h   t h e   p r o c e d u r e s   d e s c r i b e d   i n  

E x a m p l e   XV  of  U .S .   P a t e n t   No.  3 , 8 1 0 , 8 7 4 .  

A  c o n t a c t   l e n s   p r e p a r e d   f rom  t h e   monomer   o f  

E x a m p l e   3  in   a c c o r d a n c e   w i t h   t h e   p r o c e d u r e   of  E x a m p l e   2  w a s  

t r a n s p a r e n t ,   s o m e w h a t   s t i f f ,   had  an  n22  of  1 . 3 6 0 ,   and  h a d  

an  o x y g e n   p e r m e a b i l i t y   of  47  B a r r e r s .  

EXAMPLE  5 

A  s e r i e s   of  m i x t u r e s   of  t he   t e l e c h e l i c   p e r f l u o r o -  

p o l y e t h e r   monomer   of  E x a m p l e   1  and  m e t h y l   m e t h a c r y l a t e  

(MMA)  w e r e   p r e p a r e d   to  c o n t a i n   0.5%  by  w e i g h t   o f  

a , a - d i e t h o x y a c e t o p h e n o n e   and  d e o x y g e n a t e d   as  d e s c r i b e d   i n  

E x a m p l e   2.  The  d e o x y g e n a t e d   m i x t u r e s   were   t r a n s f e r r e d  

w i t h i n   a  n i t r o g e n   f i l l e d   g l o v e   bag  by  means   of  a  s y r i n g e  

i n t o   i n d i v i d u a l   s h e e t   m o l d s .   The  s h e e t   m o l d s   c o n s i s t e d   o f  

two  g l a s s   p l a t e s   ( e a c h   15  cm  x  15  cm),   c o v e r e d   on  t h e  

i n s i d e   by  100  m i c r o m e t e r   t h i c k   p o l y ( e t h y l e n e g l y c o l -  

t e r e p h t h a l a t e )   f i l m ,   wh ich   was  p r o v i d e d   as  a  r e l e a s e  

s u r f a c e .   The  p l a t e s   w e r e   s p a c e d   a p a r t   by  means   of  t w o  

l a y e r s   of  b l a c k   v i n y l   e l e c t r i c a l   t a p e   ( t o t a l   t h i c k n e s s ,  

375  µm)  w h i c h  h a d   s m a l l   c h a n n e l s   on  one  s i d e   to  p e r m i t  

l o a d i n g   t h r o u g h   a  s y r i n g e   and  to  a l l o w   t h e   e s c a p e   o f  

b u b b l e s .   A f t e r   l o a d i n g   t h e   m o l d s ,   t h e y   w e r e   c l a m p e d  

t o g e t h e r ,   s u s p e n d e d   in  a  v e r t i c a l   p o s i t i o n   and  s u b j e c t e d   t o  

r a d i a t i o n   f rom  a  RS  s u n l a m p   p o s i t i o n e d   18  cm  away .   A f t e r  

f i v e   m i n u t e s ,   t he   mold  was  r o t a t e d   180°  and  i r r a d i a t i o n  

c o n t i n u e d   f o r   an  a d d i t i o n a l   55  m i n u t e s .   The  t r a n s p a r e n t  

m o l d e d   p o l y m e r s   o b t a i n e d   were   f o u n d   to  have   t h e   f o l l o w i n g  

p r o p e r t i e s :  



EXAMPLE  6 

A  m i x t u r e   of  7 . 0   g  of  t h e   t e l e c h e l i c   p e r f l u o r o -  

p o l y e t h e r   monomer   of  E x a m p l e   1,  3 . 0   g  m e t h y l   m e t h a c r y l a t e ,  

and  0 . 0 2   g  d i i s o p r o p y l   p e r o x y d i c a r b o n a t e   w e r e   m i x e d   a n d  

d e o x y g e n a t e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of  E x a m p l e   2.  T h e  

m i x t u r e   was  t r a n s f e r r e d ,   in  a  n i t r o g e n   f i l l e d   g l o v e   b a g ,  

i n t o   a  g l a s s   v i a l   (14  mm  i n s i d e   d i a m e t e r   x  50  mm  l o n g ) .  

The  v i a l   was  c a p p e d   and  h e a t e d   in   an  o v e n   a t   30°  C  f o r   2 4  

h o u r s   f o l l o w e d   by  h e a t i n g   a t   50°  C  f o r   an  a d d i t i o n a l   24  

h o u r s .   The  r e s u l t i n g   c l e a r   p o l y m e r   p l u g   was  f o u n d   to  h a v e  

a  S h o r e   D  h a r d n e s s   of  50  and  was  m a c h i n e d   by  c o n v e n t i o n a l  

means   i n t o   c o n t a c t   l e n s e s .  

EXAMPLE  7 

E x a m p l e   6  was  r e p e a t e d   u s i n g   a  m i x t u r e   of  5 . 0   g  
of  t h e   t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   monomer   of  E x a m p l e   1 ,  

5 . 0   g  m e t h y l   m e t h a c r y l a t e   and  0 . 0 2   g  d i i s o p r o p y l   p e r o x y -  
d i c a r b o n a t e .   The  c l e a r   p l u g   o b t a i n e d   was  e a s i l y   m a c h i n e d  

by  c o n v e n t i o n a l   means   i n t o   c o n t a c t   l e n s e s .  

EXAMPLE  8 

The  w e t t a b i l i t y   of  t h e   m o l d e d   p o l y m e r s   of  E x a m p l e  

5,  p r e p a r e d   f rom  m i x t u r e s   of  t h e   t e l e c h e l i c   p e r f l u o r o -  

p o l y e t h e r   m o n o m e r   of  E x a m p l e   1  and  m e t h y l m e t h a c r y l a t e  

(MMA),  was  i m p r o v e d   by  s u b j e c t i n g   t h e   m o l d e d   s u r f a c e s   to  6 0  

Hz  AC  g l o w   d i s c h a r g e   p l a s m a   in   h e l i u m   a t   low  p r e s s u r e   ( 4 0 0  

m T o r r ) .   S e s s i l e   d r o p   w a t e r   c o n t a c t   a n g l e s   we re   m e a s u r e d  



( u s i n g   a  NRL  c o n t a c t   a n g l e   g o n i o m e t e r ,   m o d e l   A - 1 0 0   f r o m  

R a m e - H a r t ,   I n c . )   b e f o r e   and  a f t e r   s u r f a c e   t r e a t m e n t :  

T h e s e   d a t a   i n d i c a t e   t h e   u t i l i t y   of  g low  d i s c h a r g e   t r e a t m e n t  

f o r   i m p r o v i n g   s u r f a c e   w e t t a b i l i t y   of  d e v i c e s   c o n t a i n i n g   t h e  

t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   p o l y m e r .  

EXAMPLE  9 

A  m i x t u r e   of  7 . 0   g  of  t he   t e l e c h e l i c   p e r f l u o r o -  

p o l y e t h e r   monomer   of  E x a m p l e   1,  3 .0   g  m e t h y l   m e t h a c r y l a t e ,  

0 .8   g  h y d r o x y e t h y l   m e t h a c r y l a t e ,   and  0 . 0 6   g  @ , @ - d i e t h o x y -  

a c e t o p h e n o n e   was  p o l y m e r i z e d   a c c o r d i n g   to  t h e   p r o c e d u r e   o f  

E x a m p l e   5.  The  i m p r o v e d   w e t t a b i l i t y   of  t h i s   p o l y m e r   w a s  

d e m o n s t r a t e d   by  m e a s u r i n g   t h e   w a t e r   c o n t a c t   a n g l e   a f t e r  

s o a k i n g   t h e   p o l y m e r   in  w a t e r   f o r   a  p e r i o d   of  f i v e   d a y s .   A 

v a l u e   of  45°  was  o b t a i n e d .   A  s i m i l a r   p o l y m e r ,   n o t   c o n -  

t a i n i n g   h y d r o x y e t h y l   m e t h a c r y l a t e   was  f o u n d   to  have   a  v a l u e  

of  7 8 ° .  

EXAMPLE  10  

A  p o l y m e r   was  p r e p a r e d   f rom  a  m i x t u r e   of  5 . 0   g  o f  

t h e   t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   monomer   of  E x a m p l e   1 ,  

and  0 . 0 5   g  a , a - d i e t h o x y a c e t o p h e n o n e  

a c c o r d i n g   to  t h e   p r o c e d u r e   of  E x a m p l e   5.  The  r e s u l t i n g  

t r a n s p a r e n t   p o l y m e r   was  found   to  have   an  o x y g e n   p e r m e a -  

b i l i t y   of  53  B a r r e r s   and  an  n23  of  1 . 3 5 6   and  was  s u i t a b l e  

f o r   use   as  a  c o n t a c t   l e n s .  



EXAMPLE  1 1  

A  m i x t u r e   of  7 . 0   g  of  t h e   t e l e c h e l i c   p e r f l u o r o -  

p o l y e t h e r   monomer   of  E x a m p l e   1,  2 .0   g  N - v i n y l p y r r o l i d o n e ,  

1 .0   g  m e t h y l   m e t h a c r y l a t e   and  0 . 0 5   g  @ , @ - d i e t h o x y a c e t o -  

p h e n o n e   was  p o l y m e r i z e d   a c c o r d i n g   to  t h e   m e t h o d   of  E x a m p l e  

5.  The  r e s u l t i n g   o p t i c a l l y   c l e a r ,   f l e x i b l e   p o l y m e r   w a s  

f o u n d   to   h a v e   t h e   f o l l o w i n g   p r o p e r t i e s :   t e n s i l e   s t r e n g t h  -  

105  k g / c m 2 ,   m o d u l u s  -   1060  k g / c m 2 ,   e l o n g a t i o n  -   41%,  n 2 5 D  

1 . 4 0 3 ,   H2O  c o n t a c t   a n g l e  -   24°  and  o x y g e n   p e r m e a b i l i t y   o f  

36  B a r r e r s .  

EXAMPLE  1 2  

A . l e n s   was  p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   o f  

E x a m p l e   2  f rom  a  m i x t u r e   of  8 .0   g  of  t h e   t e l e c h e l i c   p e r -  

f l u o r o p o l y e t h e r   m o n o m e r   of  E x a m p l e   1,  2 . 0   g  v i n y l i d e n e  

c h l o r i d e   and  0 . 0 5   g  a , a - d i e t h o x y a c e t o p h e n o n e   a c c o r d i n g   t o  

t h e   m e t h o d   of  E x a m p l e   2.  The  c o n t a c t   l e n s   o b t a i n e d   w a s  

f l e x i b l e   and  t r a n s p a r e n t   and  had  an  o x y g e n   p e r m e a b i l i t y   o f  

140  B a r r e r s   and  an  n23D  of  1 . 3 8 5 .  

EXAMPLE  1 3  

A  m i x t u r e   of  8 . 0   g  of  t h e   t e l e c h e l i c   p e r f l u o r o -  

p o l y e t h e r   monomer   of  E x a m p l e   1,  2 .0   g  m e t h a c r y l i c   a c i d   a n d  

0 . 0 5   g  @ , @ - d i e t h o x y a c e t o p h e n o n e   was  p o l y m e r i z e d   by  t h e  

p r o c e d u r e   d e s c r i b e d   in   E x a m p l e   5.  The  t r a n s p a r e n t   p o l y m e r  

o b t a i n e d   had  a  t e n s i l e   s t r e n g t h   of  235  k g / c m 2 ,   an  e l o n g a -  

t i o n   of  46%,  an  o x y g e n   p e r m e a b i l i t y   of  73  B a r r e r s   and  a n  
n23  of  1 . 3 8 9   and  was  s u i t a b l e   f o r   use   as  a  c o n t a c t   l e n s .  

EXAMPLE  1 4  

A  m i x t u r e   of  7 . 0   g  of  a  t e l e c h e l i c   p e r f l u o r o p o l y -  

e t h e r   monomer   h a v i n g   t h e   s t r u c t u r e  

w h e r e i n   m/n  =  a b o u t   0 . 7 ,   m  is   a b o u t   15,   n  i s   a b o u t   21 ,   a n d  

t h e   f o r m u l a   w e i g h t   of  t h e   p e r f l u o r o p o l y e t h e r   i s   4 0 0 0 ,   3 .0   g  



m e t h y l   m e t h a c r y l a t e   and  0 . 0 5   g  2 , 2 - d i e t h o x y a c e t o p h e n o n e   w a s  
p o l y m e r i z e d   by  t h e   p r o c e d u r e   of  E x a m p l e   5.  An  o p t i c a l l y  
c l e a r   f i l m   was  o b t a i n e d   h a v i n g   an  n23  of  1 . 3 9 4 ,   a  t e n s i l e  

s t r e n g t h   of  150  k g / c m 2 ,   an  e l o n g a t i o n   of  78%,  a  m o d u l u s   o f  

3320  k g / c m 2   and  an  o x y g e n   p e r m e a b i l i t y   of  95  B a r r e r s .  

EXAMPLE  1 5  

A  m i x t u r e   of  4 .8   g  of  t h e   t e l e c h e l i c   p e r f l u o r o -  

p o l y e t h e r   monomer   of  E x a m p l e   1,  1 . 2   g  m e t h y l   m e t h a c r y l a t e ,  

( S y l k e m   21 ,   t r a d e m a r k   of  Dow 

C o r n i n g )   and  0 . 0 4   g  a , a - d i e t h o x y a c e t o p h e n o n e   w a s  

p o l y m e r i z e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of  E x a m p l e   4.  An 

o p t i c a l l y   c l e a r   s h e e t   was  o b t a i n e d ,   t h e   p o l y m e r   of  w h i c h  

had  a  t e n s i l e   s t r e n g t h   of  1 5 0 k g / c m 2 ,   an  e l o n g a t i o n   of  78% 

and  an  o x y g e n   p e r m e a b i l i t y   of  96  B a r r e r s ,   and  n23  of  1 . 4 0 4 .  

EXAMPLE  1 6  

A  m i x t u r e   of  7 . 2 7   g  of  t h e   t e l e c h e l i c   p e r f l u o r o -  

p o l y e t h e r   monomer   of  E x a m p l e   1,  2 . 1 9   g  m e t h y l   m e t h a c r y l a t e ,  

0 . 5 4   g  h y d r o x y e t h y l   m e t h a c r y l a t e ,   and  0 . 0 5   g  a , a - d i e t h o x y -  

a c e t o p h e n o n e   was  p r e p a r e d   f o r   p o l y m e r i z a t i o n   v i a   t h e  

f r e e z e / t h a w   t e c h n i q u e   d e s c r i b e d   in  E x a m p l e   2.  The  f l a s k  

was  t r a n s f e r r e d   to  a  n i t r o g e n   f i l l e d   g l o v e   bag  and  a  

p o r t i o n   of  t h e   c o n t e n t s   w e r e   c h a r g e d   by  means   of  a  s y r i n g e  
i n t o   a  c o n t a c t   l e n s   m o l d .   The  mold  m a t e r i a l   was  s u i t a b l y  

t r a n s p a r e n t   to  u l t r a v i o l e t   r a d i a t i o n ,   t h u s   t h e   m i x t u r e   w a s  

a l l o w e d   to  p o l y m e r i z e   f o r   one  h o u r   u n d e r   low  i n t e n s i t y  

u l t r a v i o l e t   i r r a d i a t i o n .   The  r e s u l t a n t   l e n s   was  t r a n s -  

p a r e n t ,   f l e x i b l e ,   b u b b l e   f r e e   and  had  an  o x y g e n  

p e r m e a b i l i t y   of  48  B a r r e r s ,   and  an  n23  of  1 . 3 9 5 .  

EXAMPLE  17  

The  7 0 / 3 0   c o p o l y m e r   f i l m   of  E x a m p l e   5  w a s  

e v a l u a t e d   f o r   a d s o r p t i o n   of  t e a r   p r o t e i n   as  f o l l o w s .   A 

s i m u l a t e d   t e a r   s o l u t i o n   was  p r e p a r e d   w h i c h   c o n t a i n e d   t h e  



f o l l o w i n g   c o m p o n e n t s   f o r   e a c h   l i t e r   of  a q u e o u s   s o l u t i o n :  

R a d i o a c t i v e   p r o t e i n s   w e r e   p r e p a r e d   by  m i x i n g   5  mg  of  e a c h  

p r o t e i n   w i t h   100  µCi  of  3 H - N - s u c c i n i m i d y l   p r o p i o n a t e   a n d  

s t o r a g e   of  t he   r e a c t i o n   m i x t u r e   a t   O°C  f o r   one   h o u r .  

N - s u c c i n i m i d y l   p r o p i o n a t e   t h a t   was  n o t   c o v a l e n t l y   a t t a c h e d  

to   t h e   p r o t e i n   was  s e p a r a t e d   f rom  t h e   p r o t e i n   by  g e l  

p e r m e a t i o n   c h r o m a t o g r a p h y .  

T h r e e   t e a r   s o l u t i o n s   w e r e   p r e p a r e d .   Each  s o l u -  

t i o n   had   o n l y   one   p r o t e i n   c o m p o n e n t   w h i c h   was  r a d i o a c t i v e ;  

t h e   o t h e r   two  p r o t e i n   c o m p o n e n t s   w e r e   n o t   r a d i o a c t i v e .  

S a m p l e s   of  p o l y h y d r o x y e t h y l   m e t h a c r y l a t e   (pHEMA) 

s h e e t s   and  t h e   7 0 / 3 0   c o p o l y m e r   were   c u t   i n t o   0 . 4   cm2  p i e c e s  

and  e q u i l i b r a t e d   in   s a l i n e   ( 8 . 3   g  s o d i u m   c h l o r i d e / 1 . 0   l i t e r  

w a t e r ) .  

The  p o l y m e r   s a m p l e s   w e r e   i n d i v i d u a l l y   p l a c e d   i n  

s e p a r a t e   v i a l s ,   e a c h   c o n t a i n i n g   0 .4   ml  of  t h e   t e a r  

s o l u t i o n .   A  20  µl  a l i q u o t   of  l i p i d   m i x t u r e   was  l a y e r e d   o n  

t o p   of  t h e   a q u e o u s   l a y e r .   The  c o m p o s i t i o n   of  t h e   l i p i d  

m i x t u r e   was  as  f o l l o w s :  



The  v i a l s   w e r e   p l a c e d   in  a  s h a k e r   a p p a r a t u s   in  a  

w a t e r   b a t h   w h i c h   was  m a i n t a i n e d   a t   37°C.   P o l y m e r   s a m p l e s  

w e r e   s o a k e d   f o r   one  d a y .   At  t he   end  of  t h e   t i m e   p e r i o d ,  

t h e   p o l y m e r   s a m p l e s   were   r e m o v e d   from  t h e   s a m p l e   v i a l s   a n d  

r i n s e d   w i t h   s a l i n e .   The  p o l y m e r   m a t e r i a l   was  p l a c e d   in   a  
s c i n t i l l a t i o n   v i a l   and  c o u n t e d   f o r   t r i t i u m   c o n t e n t .   U s i n g  
t h i s   p r o c e d u r e ,   t h e   a m o u n t   of  p r o t e i n   d e p o s i t e d   on  t h e  

p o l y m e r   m a t e r i a l   was  d e t e r m i n e d   to  be  as  f o l l o w s :  

T h e s e   d a t a   show  t h a t   t he   a m o u n t   of  p r o t e i n  

a d s o r b e d   to  t h e   7 0 / 3 0   c o p o l y m e r   is   much  l e s s   t h a n   t h e  

a m o u n t   of  p r o t e i n   w h i c h   a d s o r b e d   to  HEMA. 

EXAMPLE  1 8  

A  m i x t u r e   of  7 . 2 7   g  of  t h e   t e l e c h e l i c   p e r f l u o r o -  

p o l y e t h e r   monomer   of  E x a m p l e   1,  2 . 1 9   g  m e t h y l  m e t h a c r y l a t e ,  

0 . 5 4   g  2 - h y d r o x y e t h y l   m e t h a c r y l a t e ,   and  0 . 0 5   g  2 - h y d r o x y - 2 -  

m e t h y l - l - p h e n y l - l - p r o p a n o n e   was  p r e p a r e d   f o r   p o l y m e r i z a t i o n  

by  t h e   f r e e z e / t h a w   t e c h n i q u e   of  E x a m p l e   2.  The  c o m p o s i t i o n  

was  t h e n   p o l y m e r i z e d   to  a  f i l m   as  d e s c r i b e d   in   E x a m p l e   5 .  

I t s   t e n s i l e  s t r e n g t h   was  140  k g / c m 2 ,   e l o n g a t i o n   4 1 % ,  

m o d u l u s   of  e l a s t i c i t y   4015  k g / c m 2 ,   and  n25  1 . 4 1 0 .   The  f i l m  

was  o p t i c a l l y   c l e a r   and  had  a  w a t e r   c o n t a c t   a n g l e   of  4 7 °  

and  an  o x y g e n   p e r m e a b i l i t y   of  45  B a r r e r s .  

EXAMPLE  19  

A  m i x t u r e   of  4 .8   g  of  a  t e l e c h e l i c   p e r f l u o r o p o l y -  

e t h e r   monomer   h a v i n g   t h e   f o r m u l a ,  



and  0 . 0 3   g  a , a - d i e t h o x y a c e t o p h e n o n e   was  p o l y m e r i z e d  

a c c o r d i n g   to  t h e   p r o c e d u r e   d e s c r i b e d   in   E x a m p l e   5.  T h e  

r e s u l t i n g   c l e a r   t r a n s p a r e n t   f i l m   o b t a i n e d   had  an  o x y g e n  

p e r m e a b i l i t y   of  117  B a r r e r s ,   n25  1 . 3 6 5 ,   t e n s i l e   s t r e n g t h   o f  

2 3 . 5   k g / c m 2 ,   and  an  e l o n g a t i o n   of  65%  and  was  s u i t a b l e   f o r  

o p t i c a l   p u r p o s e s .  

The  t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   monomer   w a s  

p r e p a r e d   by  t h e   r e a c t i o n   of  2 - i s o c y a n a t o e t h y l   m e t h a c r y l a t e  

w i t h  as  d e s c r i b e d   in   E x a m p l e   1.  T h e  

c l e a r   o i l   i s o l a t e d   had  n23D  1 . 3 4 4 9 .   I t s   i d e n t i t y   w a s  

e s t a b l i s h e d   by  NMR. 

EXAMPLE  2 0  

A  m i x t u r e   was  p r e p a r e d   to  c o n t a i n   (a)   6 .0   g  

t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   monomer   h a v i n g   t h e   f o r m u l a ,  

in   w h i c h   m/n  i s   0 .6   and  m  i s   8 . 3   and  n  i s   1 3 . 9 ,   (b)  3 .0   g  

monomer   h a v i n g   t h e   f o r m u l a  

in   w h i c h   m/n  i s   0 . 6 ,   m  i s   8 .3   and  n  i s   1 3 . 9 ,   (c)   3 .0   g  o f  

m e t h y l   m e t h a c r y l a t e ,   and  (d)  0 . 2 5   g  a , a - d i e t h o x y a c e t o -  

p h e n o n e .  

The  m i x t u r e   was  p o l y m e r i z e d   in   a c c o r d   w i t h   t h e  

p r o c e d u r e   d e s c r i b e d   in  E x a m p l e   4.  An  o p t i c a l l y   c l e a r   f i l m  

was  o b t a i n e d   w h i c h   had  a  t e n s i l e   s t r e n g t h   of  135  k g / c m 2   a n d  

an  o x y g e n   p e r m e a b i l i t y   of  63  B a r r e r s .  

The  f i r s t   of  t h e   above   t e l e c h e l i c   p e r f l u o r o p o l y -  

e t h e r   m o n o m e r s   was  p r e p a r e d   by  t h e   p r o c e d u r e   d e s c r i b e d   i n  

E x a m p l e   1  by  t h e   r e a c t i o n   of  a  h y d r o x y l - t e r m i n a t e d  

p e r f l u o r o p o l y e t h e r   of  t h e   f o r m u l a   shown  in  w h i c h   m  =  8 . 3  

w i t h   2 - i s o c y a n a t o e t h y l   m e t h a c r y l a t e .   The  s e c o n d   of  t he   t w o  

t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   m o n o m e r s   was  p r e p a r e d   by  t h e  

r e a c t i o n   in   a c c o r d a n c e   w i t h   t he   p r o c e d u r e   d e s c r i b e d   i n  



E x a m p l e   1  of  U .S .   P a t e n t   No.  3 , 8 1 0 , 8 7 4   by  t h e   r e a c t i o n   o f  

a l l y l a m i n e   w i t h   t h e   m e t h y l   e s t e r   of  t h e   p e r f l u o r o p o l y e t h e r  

d i c a r b o x y l i c   a c i d   h a v i n g   t h e   f o r m u l a  

t h e   p r e p a r a t i o n   of  w h i c h   i s   a l s o   t a u g h t   in  U . S .   P a t e n t   N o .  

3 , 8 1 0 , 8 7 4 .   The  d i a l l y l   a m i d e   o b t a i n e d   had  t h e   f o r m u l a  

in  w h i c h   m/n  i s   0 . 6 ,   m  i s   8 .3   and  n  i s   1 3 . 9 .  

EXAMPLE  2 1  

A  m i x t u r e   of  25  g  of  t e l e c h e l i c   p e r f l u o r o p o l y -  

e t h e r   monomer   h a v i n g   t h e   f o r m u l a  

( h a v i n g   an  e q u i v a l e n t   w e i g h t   of  1200  and  p r e p a r e d   a c c o r d i n g  

to  t h e   p r o c e d u r e   of  E x a m p l e   XXVII  of  U . S .   P a t e n t   N o .  

3 , 8 1 0 , 8 7 4 )   and  2 .5   g  of  an  e p o x y   n o v o l a k   r e s i n   ( D E N - 4 3 8 ,  

Dow  C h e m i c a l   Company)   was  s t i r r e d   a t   100°  u n t i l   a  c l e a r  

l i q u i d   r e s u l t e d .   The  l i q u i d   was  t r a n s f e r r e d   to  a  T e f l o n @  

s h e e t   mold  and  d e g a s s e d   a t   1 0 0 ° / 1   mm  f o r   2  h o u r s .   I t   w a s  
t h e n   h e a t e d   a t   110°  f o r   413  h o u r s .   The  r e s u l t i n g   o p t i c a l l y  

c l e a r   p o l y m e r   f i l m   had  a  t e n s i l e   s t r e n g t h   of  1 8 . 3   k g / c m 2  

and  an  e l o n g a t i o n   a t   b r e a k   of  1 1 0 % .  

H e r e i n a f t e r ,   t h e   s e g m e n t   of  p e r f l u o r o p o l y e t h e r  

m o n o m e r ,   - C F 2 O ( C F 2 C F 2 O ) m ( C F 2 O ) n C F 2 - ,   i s   a b b r e v i a t e d   " P P E " .  

EXAMPLE  2 2  

A  m i x t u r e   of  9 .9   g  of  P P E f C O N H - C 6 H 3 ( C H 3 ) N C O ) 2  

( p r e p a r e d   a c c o r d i n g   to  E x a m p l e   I I I   of  U .S .   P a t e n t   N o .  

3 , 8 1 0 , 8 7 4 )   and  0 .1   g  of  a  t r i m e r i z a t i o n   c a t a l y s t   ( p r e p a r e d  

by  h e a t i n g   a  m i x t u r e   of  t r i h e x y l e n e   g l y c o l   b o r a t e   (7  g)  a n d  

t h e   s o d i u m   s a l t   of  2 , 6 - d i - t - b u t y l - p - c r e s o l   (2  g)  f o r   15  

m i n u t e s   a t   1 2 0 ° )   was  p o u r e d   i n t o   a  mold  and  h e a t e d   a t   1 0 0 °  

f o r   16  h o u r s .   The  r e s u l t i n g   o p t i c a l l y   c l e a r   p o l y m e r   had  a  

t e n s i l e   s t r e n g t h   of  2 4 . 6   k g / c m 2   and  an  e l o n g a t i o n   of  1 8 0 % ,  

and  was  s u i t a b l e   for   o p t i c a l   p u r p o s e s .  



EXAMPLE  2 3  

A  m i x t u r e   of  24  g  of  P P E ( C H 2 O 2 C C 6 H 4 N H 2 ) 2  

( p r e p a r e d   a c c o r d i n g   to   E x a m p l e   XI  of  U . S .   P a t e n t   N o .  

3 , 8 1 0 , 8 7 4 ) ,   0 . 4   g  c y c l o h e x a n e   t r i i s o c y a n a t e ,   and  1 . 6   g  o f  

h e x a m e t h y l e n e   d i i s o c y a n a t e   was  s t i r r e d   in   a  b e a k e r   a t   r o o m  

t e m p e r a t u r e   u n t i l   h o m o g e n e o u s .   The  m i x t u r e   was  t h e n  

t r a n s f e r r e d   to  a  mold  and  h e a t e d   a t   80°  f o r   3  d a y s .   T h e  

r e s u l t i n g   o p t i c a l l y   c l e a r ,   f l e x i b l e   p o l y m e r   f i l m   had  t h e  

f o l l o w i n g   p r o p e r t i e s :  

EXAMPLE  2 4  

A  m i x t u r e   of  4 . 8   g  of  2000  MW  P P E k C H 2 0 H ) 2   ( p r e -  

p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of  E x a m p l e   V I I I   of  U . S .  

P a t e n t   No.  3 , 8 1 0 , 8 7 4 )   and  0 . 8   g  of  t e t r a f l u o r o p h e n y l e n e  

d i i s o c y a n a t e   was  s t i r r e d   f o r   two  h o u r s   a t   8 0 ° ,   t r a n s f e r r e d  

to   a  mo ld   and  h e a t e d   f o r   16  h o u r s   a t   80°  f o l l o w e d   by  2 4  

h o u r s   a t   1 2 5 ° .   The  r e s u l t i n g   o p t i c a l l y   c l e a r ,   f l e x i b l e  

p o l y m e r   had  a  t e n s i l e   s t r e n g t h   of  6 8 . 2   k g / c m 2   and  a n  

e l o n g a t i o n   of  850%  and  was  s u i t a b l e   f o r   u se   as  a  f l e x i b l e  

c o n t a c t   l e n s .  

EXAMPLE  2 5  

A  l i q u i d   m i x t u r e   of  5 . 0   g  of  2000  MW 

( p r e p a r e d   a c c o r d i n g   to   E x a m p l e   X  of  U . S .  

P a t e n t   No.  3 , 8 1 0 , 8 7 4 )   and  0 . 1 0   g  o f  

( C F 3 S 0 2 ) 2 C H C H 2 C B r ( C 0 2 C H 2 C H 3 ) 2   c a t a l y s t   was  p l a c e d   in   a  m o l d  

and  h e a t e d   a t   90°  f o r   30  m i n u t e s .   The  r e s u l t a n t   t r a n s -  

p a r e n t   p o l y m e r   was  s u i t a b l e   f o r   use   as  a  f l e x i b l e   c o n t a c t  

l e n s   and  had  an  o x y g e n   p e r m e a b i l i t y   of  221  B a r r e r s .  



EXAMPLE  26  

A  s a m p l e   of  2000  MW  P P E f C H 2 0 C 6 H 4 0 C N ) 2   ( p r e p a r e d  

a c c o r d i n g   to  E x a m p l e   XXI  of  U . S .   P a t e n t   No.  3 , 8 1 0 , 8 7 4 )   w a s  

p l a c e d   in  a  mold   and  h e a t e d   f o r   90  m i n u t e s   a t   150°  f o l l o w e d  

by  h e a t i n g   a t   200°   f o r   135  m i n u t e s .   The  r e s u l t i n g  

o p t i c a l l y   c l e a r   f i l m   had  a  t e n s i l e   s t r e n g t h   of  4 2 . 3   k g / c m 2  
and  an  e l o n g a t i o n   of  1 5 0 % .  

EXAMPLE  27  

PPEfCH2NH2)2   h a v i n g   an  e q u i v a l e n t   w e i g h t   of  1 1 4 0  

( p r e p a r e d   a c c o r d i n g   to  E x a m p l e   X V I I I   of  U . S .   P a t e n t   N o .  

4 , 0 8 5 , 1 3 7 )   was  p o l y m e r i z e d   to  a  p o l y i m i d e   by  r e a c t i o n   w i t h  

a  m i x t u r e   of  t h e   d i a n h y d r i d e   of  d i c y c l o - ( 2 , 2 , 2 ) - o c t a n e -  

( 7 ) - 2 , 3 , 5 , 6 - t e t r a c a r b o x y l i c   a c i d   and  4 , 4 ' - m e t h y l e n e  

d i p h t h a l i c   a n h y d r i d e   in  a c c o r d a n c e   w i t h   t h e   p r o c e d u r e  

d i s c l o s e d   a t   c o l u m n   8  of  U . S .   P a t e n t   4 , 0 8 0 , 3 1 9 .   A 

f l e x i b l e ,   t h e r m o p l a s t i c ,   t r a n s p a r e n t   p o l y i m i d e   t h a t   w a s  

r e a d i l y   m o l d e d   was  o b t a i n e d .  

EXAMPLE  2 8  

The  f o l l o w i n g   e x e m p l i f i e s   i n c r e a s i n g   t h e  

m o l e c u l a r   w e i g h t   of  t he   t e l e c h e l i c   p e r f l u o r o p o l y e t h e r  

monomer   t h r o u g h   c h a i n   e x t e n s i o n .   A  m i x t u r e   of  1 0 8 . 0   g  o f  

P P E ( C 0 2 C H 3 ) 2   ( F o r m u l a   IX,  U . S .   P a t e n t   4 , 0 9 4 , 9 1 1 )   h a v i n g   a  

m o l e c u l a r   w e i g h t   of  2160  ( 0 . 0 5   m o l e s )   and  1 . 8 5   g  o f  

1 , 3 - d i a m i n o p r o p a n e   ( 0 . 0 2 5   m o l e s )   was  m e c h a n i c a l l y   s h a k e n  

u n t i l   t h e   pH  of  t h e   m i x t u r e   no  l o n g e r   i n d i c a t e d   t h e  

p r e s e n c e   of  u n r e a c t e d   d i a m i n e   ( 1 5 - 2 0   m i n . ) .   Then   3 . 0 5   g  o f  

e t h a n o l   a m i n e   ( 0 . 0 5 0 0   m o l e s )   w e r e   a d d e d .   A f t e r   s h a k i n g   f o r  

s e v e r a l   h o u r s ,   t h e   pH  of  t h e   m i x t u r e   no  l o n g e r   i n d i c a t e d  

t he   p r e s e n c e   of  e t h a n o l   a m i n e .   The  a c r y l a t e   of  t h i s  

e t h a n o l   amine   e n d - c a p p e d ,   c h a i n   e x t e n d e d   t e l e c h e l i c   p e r -  
f l u o r o p o l y e t h e r   monomer   was  t h e n   p r e p a r e d   as  in  E x a m p l e   XIX 

of  U . S .   P a t e n t   4 , 0 9 4 , 9 1 1   u s i n g   2 0 . 0 0   g  of  t he   c h a i n  

e x t e n d e d   m o n o m e r ,   1 . 0 1   g  of  a c r y l o y l   c h l o r i d e ,   and  2 . 2 4   g 

of  t r i e t h y l a m i n e .   A  m i x t u r e   of  4 . 0 0   p a r t s   of  t h i s   c h a i n  

e x t e n d e d   m o n o m e r ,   0 . 4 9   g  m e t h y l   m e t h a c r y l a t e ,   0 . 3 6   g  



N - v i n y l p y r r o l i d o n e ,   and  0 . 0 2 0 0   g  2 - h y d r o x y - 2 - m e t h y l - l -  

p h e n y l p r o p a n - 1 - o n e   was  t h e n   p o l y m e r i z e d   as  in   E x a m p l e   2 

i r r a d i a t i n g   w i t h   a  RS  s u n l a m p   f o r   30  m i n .   The  r e s u l t i n g  

p o l y m e r   had  t h e   f o l l o w i n g   p r o p e r t i e s   and  was  s u i t a b l e   f o r  

p r e p a r a t i o n   of  a  c o n t a c t   l e n s e :   t e n s i l e ,   105  k g / c m 2 ;  

m o d u l u s ,   1680  k g / c m 2 ;   28%  e l o n g a t i o n ;   and  o x y g e n  

p e r m e a b i l i t y   of  108  B a r r e r s .  



1.  An  o p h t h a l m i c   d e v i c e   c o m p r i s i n g   an  o r g a n i c  

p o l y m e r   c h a r a c t e r i z e d   by  t h e   f e a t u r e   t h a t   s a i d   p o l y m e r   i s  

p r e p a r e d   f rom  a  t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   m o n o m e r   w h i c h  

has   a  b a c k b o n e   of  p e r f l u o r o o x y a l k y l e n e   u n i t s ,   a  n u m b e r  

a v e r a g e   m o l e c u l a r   w e i g h t   b e t w e e n   a b o u t   500  and  1 5 , 0 0 0 ,   a n d  

a t   l e a s t   one  g r o u p   r e a c t i v e   to  form  a  p o l y m e r .  

2.  An  o p h t h a l m i c   d e v i c e   a c c o r d i n g   to  c l a i m   1 

f u r t h e r   c h a r a c t e r i z e d   by  t h e   f e a t u r e   t h a t   s a i d   b a c k b o n e   h a s  

a  n u m b e r   a v e r a g e   m o l e c u l a r   w e i g h t   b e t w e e n   a b o u t   500  a n d  

1 5 , 0 0 0   and  has   t h e   f o r m u l a  

w h e r e i n   p  r e p r e s e n t s   t h e   number   of  r a n d o m l y   d i s t r i -  

b u t e d ,   r e p e a t i n g   - C k F 2 k O -   s u b u n i t s   in  s a i d   b a c k b o n e   and  i s  

an  i n t e g e r   of  f rom  3  to  2 0 0 ,   q  i s   an  i n t e g e r   of  f rom  1  t o  

4,  and  k  may  be  t h e   same  or   d i f f e r e n t   w i t h i n   e a c h   of  s a i d  

- C k F 2 k O -   s u b u n i t s   and  i s   an  i n t e g e r   of  f rom  1  to   4 .  

3.  An  o p h t h a l m i c   d e v i c e   a c c o r d i n g   to  c l a i m   1 

f u r t h e r   c h a r a c t e r i z e d   by  t h e   f e a t u r e   t h a t   s a i d   t e l e c h e l i c  

p e r f l u o r o p o l y e t h e r   monomer   has   t he   f o r m u l a  

w h e r e i n  

Q  i . s   a  g r o u p   wh ich   can   be  p o l y m e r i z e d   or   a  g r o u p   w h i c h  

c a n  b e   r e a c t e d   w i t h   a  c o r e a c t a n t   to  form  a  p o l y m e r ;  

W  i s   a  d i v a l e n t   c o n n e c t i n g   m o i e t y ;  

Z  i s   -WQ  or   f l u o r i n e ;  

p  r e p r e s e n t s   t he   n u m b e r   of  r a n d o m l y   d i s t r i b u t e d ,  

r e p e a t i n g   - C k F 2 k O -   s u b u n i t s   in  s a i d   monomer   and  is  a n  

i n t e g e r   of  from  3  to   2 0 0 ;  

q  i s   an  i n t e g e r   of  f rom  1  to  4;  a n d  



k  may  be  t h e   same  or   d i f f e r e n t   w i t h i n   e a c h   - C k F 2 k O -  
s u b u n i t s   and  i s   an  i n t e g e r   of  f rom  1  to   4 .  

4.  An  o p h t h a l m i c   d e v i c e   a c c o r d i n g   to  c l a i m   3 

f u r t h e r   c h a r a c t e r i z e d   by  t h e   f e a t u r e   t h a t   Q  i s   s e l e c t e d  

f rom  t h e   g r o u p  -NCO,  -COOH,  -OH,  a n d  

w h e r e i n   R4  i s   h y d r o g e n   o r   m e t h y l .  

5.  An  o p h t h a l m i c   d e v i c e   a c c o r d i n g   to   c l a i m   2  o r  

3  f u r t h e r   c h a r a c t e r i z e d   by  t h e   f e a t u r e   t h a t   s a i d   t e l e c h e l i c  

p e r f l u o r o p o l y e t h e r   monomer   has   t he   f o r m u l a  

w h e r e i n  

Q2  i s   s e l e c t e d   f r o m  

w h e r e i n   R4  i s   s e l e c t e d   f rom  h y d r o g e n   and  m e t h y l ;  

X  i s   s e l e c t e d   f r o m  

(E)  a  c o v a l e n t   b o n d  

w h e r e i n   RL  i s   s e l e c t e d   f rom  a  d i v a l e n t   a l i p h a t i c   g r o u p  

h a v i n g   f rom  2  to  14  c a r b o n   a t o m s ,   a  d i v a l e n t   5-  o r  

6 - m e m b e r e d   c y c l i c   g r o u p   h a v i n g   f rom  5  to  14  c a r b o n  

a t o m s ,   and  an  a r y l e n e   g r o u p   h a v i n g   f rom  6  to  14  c a r b o n  

a t o m s ,   and  "a"  i s   an  i n t e g e r   of  f rom  2  to   1 2 ;  

Y  i s   s e l e c t e d   f r o m  

(J )   ( C H 2 ) b ,  



w h e r e i n   R5  i s   a  l o w e r   a l k y l   g r o u p   h a v i n g   1  to  4  c a r b o n  

a t o m s ,   "a"  i s   an  i n t e g e r   of  f rom  2  to   12 ,   and  "b"  i s  

an  i n t e g e r   of  f rom  1  to  12;   p r o v i d e d   t h a t   w h e n  

1 ) .   Q2  i s   (A)  or   (B ) ,   t h e n   X  i s   s e l e c t e d   f r o m  

( E ) ,   ( F ) ,   o r   (G)  and  Y  is   s e l e c t e d   f rom  ( J ) ,   (K) ,   o r  

( L ) ;  

2)  Q2  i s   (C)  t h e n   e i t h e r  

( i )   X  is   (E)  and  Y  i s   (M),  o r  

( i i )   X  i s   s e l e c t e d   f rom  (E ) ,   ( F ) ,   (G) ,   ( H ) ,  

or   ( I )   and  Y  is  s e l e c t e d   f rom  ( J ) ,   (K) ,   or   ( L ) ;  
a n d  

3)  Q2  i s   (D)  t h e n   e i t h e r  

( i )   X  is   (E)  and  Y  i s   (M),  o r  

( i i )   X  i s   s e l e c t e d   f rom  (H)  and  ( I )   and  Y  i s  

s e l e c t e d   f rom  ( J ) ,   (K) ,   o r   ( L ) ;   a n d  
Z1  i s   s e l e c t e d   f rom  - O C k F 2 k f l ,   and  Q 2 - X - Y -   w h e r e i n   Q2,  X,  Y 
and  k  a r e   as  d e f i n e d   a b o v e .  

6.  An  o p h t h a l m i c   d e v i c e   a c c o r d i n g   to  c l a i m   5 

f u r t h e r   c h a r a c t e r i z e d   by  t h e   f e a t u r e   t h a t   s a i d   t e l e c h e l i c  

p e r f l u o r o p o l y e t h e r   monomer   has   t h e   f o r m u l a  

w h e r e i n   m  and  n  a r e   n u m b e r s   p r o v i d i n g   a  n u m b e r   a v e r a g e  
m o l e c u l a r   w e i g h t   of  500  to  1 5 , 0 0 0   to  t h e   b a c k b o n e   of  s a i d  

t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   m o n o m e r ,   and  w h e r e i n   m  and  n  

i n d e p e n d e n t l y   h a v e   a  v a l u e   of  f rom  1  to  120  and  a  s u m  o f   7 

to   120 ,   and  w h e r e i n   t he   r a t i o   m/n  i s   f rom  0 . 2 / 1   to   5 / 1 .  

7.  An  o p h t h a l m i c   d e v i c e   a c c o r d i n g   to  c l a i m   6 

f u r t h e r   c h a r a c t e r i z e d   by  t h e   f e a t u r e   t h a t   s a i d   t e l e c h e l i c  

p e r f l u o r o p o l y e t h e r   monomer   is   s e l e c t e d   f r o m  



o r  

8.  An  o p h t h a l m i c   d e v i c e   f u r t h e r   c h a r a c t e r i z e d   b y  

t h e   f e a t u r e   t h a t   i t   c o m p r i s e s   a  p o l y m e r   of  ( i )   a  t e l e c h e l i c  

p e r f l u o r o p o l y e t h e r   m o n o m e r   a c c o r d i n g   to  c l a i m s   5  and  7  a n d  

( i i )   2  to   50  w e i g h t   p e r c e n t   of  a  c o m p a t i b l e   e t h y l e n i c a l l y  

u n s a t u r a t e d - c o m o n o m e r   c o p o l y m e r i z a b l e   w i t h   s a i d   t e l e c h e l i c  

p e r f l u o r o p o l y e t h e r   m o n o m e r .  

9.  An  o p h t h a l m i c   d e v i c e   a c c o r d i n g   to  c l a i m   7 

f u r t h e r   c h a r a c t e r i z e d   by  t h e   f e a t u r e   t h a t   s a i d   d e v i c e  

c o m p r i s e s   t h e   p o l y m e r i z a t i o n   p r o d u c t   o f  

I .   f rom  50  to  88  w e i g h t   p e r c e n t   of  s a i d   t e l e c h e l i c  

p e r f l u o r o p o l y e t h e r   m o n o m e r  

I I .   f rom  10  to  48  w e i g h t   p e r c e n t   of  a  f i r s t   m o n o m e r  

c o p o l y m e r i z a b l e   w i t h   s a i d   t e l e c h e l i c   p e r f l u o r o -  

p o l y e t h e r   m o n o m e r ,   s a i d   f i r s t   monomer   b e i n g  

s e l e c t e d   f rom  m e t h y l   m e t h a c r y l a t e ,   e t h y l  

m e t h a c r y l a t e ,   o r   c y c l o h e x y l   m e t h a c r y l a t e ;   a n d  

I I I .   f rom  2  to  10  w e i g h t   p e r c e n t   of  an  e t h y l e n i c a l l y  

u n s a t u r a t e d   s e c o n d   monomer   h a v i n g   h y d r o p h i l i c  

g r o u p   c o p o l y m e r i z a b l e   w i t h   t h e   t e l e c h e l i c  

p e r f l u o r o p o l y e t h e r   m o n o m e r .  

10.   A  p o l y m e r i z a b l e   c o m p o s i t i o n   c o m p r i s i n g  

I .   a  t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   m o n o m e r  

h a v i n g   a  b a c k b o n e   of  p e r f l u o r o o x y a l k y l e n e  

u n i t s   and  a  n u m b e r   a v e r a g e   m o l e c u l a r   w e i g h t  

of   500  to  1 5 , 0 0 0   and  a t   l e a s t   o n e  

p o l y m e r i z a b l e   e t h y l e n i c a l l y   u n s a t u r a t e d  

g r o u p ,   a n d  



I I .   a  c o m p a t i b l e   c o m o n o m e r   c o p o l y m e r i z a b l e   w i t h  

s a i d   t e l e c h e l i c   p e r f l u o r o p o l y e t h e r   m o n o m e r ,  
w h e r e i n   a t   l e a s t   2  w e i g h t   p e r c e n t   of  s a i d  

t o t a l   c o m p o s i t i o n   i s   a  c o p o l y m e r i z a b l e  

e t h y l e n i c a l l y   u n s a t u r a t e d   c o m o n o m e r   h a v i n g   a  

h y d r o p h i l i c   g r o u p .  
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